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I. Preface I. Prefacio 
The Victor Hensen cruise to Costa Rica 
was carried out as an integral part of a 
research programme between the Cen-
ter for Tropical Marine Ecology (ZMT), 
Germany and the Center for marine and 
limnological studies (CIMAR), Costa 
Rica based on a formal agreement be-
tween these institutions. In addition, the 
Universidad Nacional de Costa Rica 
(UNA) was invited for participation. 
This programme aims at understanding 
the functioning of the coastal mangrove 
ecosystem of the Pacific side of Costa 
Rica and the processes that link man-
grove forests with tidal flats and subti-
dal nearshore basins. 
The research cruise marked the first 
phase of this programme and was plan-
ned and conducted jointly with two ot-
her research groups from Bremen Uni-
versity - the Institute for Geological 
Sciences and the Max Planck Institute 
for Marine Microbiology. The cruise 
was divided into 4 legs, of which leg 1 
(Dec. 2- Dec. 18,1993) and leg 4 (Feb. 
2- Feb. 19, 1994) were conducted by 
ZMT, CIMAR and UNA personnel and 
consisted in the synchronous sampling 
of data on oceanographical conditions, 
plankton dynamics, structure of bentho-
demersal fish and invertebrate assem-
blages as well as infauna communities. 
By the employment of the RV Victor 
Hensen, it was possible to conduct an 
wide scale sampling programme from 
shallow waters (20m) near the mangro-
ve edge along transects to the adjacent 
and deeper fishing grounds to the shelf 
edge (200 m). 
Leg 2 (Jan.5 - Jan 14, 1994) was con-
ducted by scientists of the Max Planck 
Institute for Marine Microbiology. On 
January 12, CIMAR scientists joined 
the cruise to participate in the water 
sampling for nutrient determination. 
The investigations were concentrated 
in the deeper low- and anoxic parts of 
the Golfo Dulce area (200 m) and were 
aimed at studying the impact of bottom 
water anoxia on biochemical processes 
in water and sediment through chemical 
and microbiological analysis of water 
El crucero realizado en el barco 
oceanografico Victor Hensen hacia Co-
sta Rica, fue Uevado a cabo como parte 
integral del programa de investigacion 
entre el Centro de Ecologia Marina Tro-
pical (ZMT), Alemania, y el Centro de 
Investigacion en Ciencias del Mar y 
Limnologia (CIMAR), de la Universi-
dad de Costa Rica, al amparo del con-
venio firmado entre las dos Institucio-
nes. Ademas se invito la participacion 
de la Universidad Nacional (UNA), Co-
sta Rica. Este programa tiene por obje-
tivo el comprender el funcionamiento 
de los ecosistemas costeros de manglar 
del Pacffico de Costa Rica y los proce-
sos que ligan a los manglares con las 
playas fangosas y ambientes profundos 
ceranos a la costa. 
El crucero de investigacion marco la 
primera fase de dicho programa y fue 
planeado y conducido conjuntamente 
con otros dos grupos de investigadores 
de la Universidad de Bremen (Instituto 
de Ciencias Geologicas y el Instituto 
Max Planck de Microbiologia Marina). 
Este crucero se dividio en cuatro etapas. 
La primera etapa se realizo del 2 al 18 
de diciembre de 1993, y la cuarta etapa 
fue del 2 al 19 de febrero de 1994. Las 
investigaciones fueron conducidas por 
cientificos del ZMT, el CIMAR, y la 
UNA. Estas consistieron en muestreos 
sincronizados de parametros 
oceanograficos, dinamica de plancton, 
estructura de grupos de peces asociados 
al fondo, y estudio de comunidades in-
faunales. Mediante al uso del barco 
oceanografico Victor Hensen fue posi-
ble conducir un programa amplio de 
muestreo para aguas poco profundas 
(20m) cerca del borde de los manglares 
y a lo largo de transectos hacia zonas de 
pesca profundas al borde de la platafor-
ma continantal (200m). 
Etapa 2 (5 al 14 de enero de 1994) fue 
conducida por cientificos del Instituto 
Max Planck de Microbiologia Marina. 
El 12 de enero participaron cientificos 
del CIMAR y la UNA en la toma de da-
tos sobre nutrientes. Las investigacio-
nes del Instituto se consentraron en la 
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and sediment samples. 
Leg 3 (Jan 17 -Jan 30, 1994) was con-
ducted by the Institute for Geological 
Sciences and CIMAR scientists and 
consisted in a sampling programme in 
the Golfo Dulce and adjacent areas to 
reconstruct the late quaternary paleocli-
mate by analysing sediment and coral 
samples using stable oxygen and carbon 
isotopes. This sampling was conducted 
using a 6 m gravity corer and a box co-
rer and covering a depth range from ab-
out 20 m to 1500 m. 
The research vessel left Bremerhaven 
on October 28, 1993 and returned to its 
home port on March 24, 1994, after al-
most 5 months of navigation. 
The scientific programme started on 
December 2, 1993 in Puerto Caldera, 
were it was also finalized on February 
19,1994. 
On the day prior to the first cruise leg 
(December 1, 1993) a meeting was 
held aboard Victor Hensen with repres-
entants from the participating Costa Ri-
can universities, the ZMT, the port au-
thorities and the German embassy. On 
this meeting, the purpose of the cruise 
was explained and the local authorities 
were informed about the sampling pro-
gramme, equipment to be used, requi-
red port time etc. 
On the last day of the scientific pro-
gramme (February 18, 1994) Victor 
Hensen anchored near the Marine Sta-
tion of the Costa Rican partners in Pun-
ta Morales, where a press conference 
was held with representants from both 
Costa Rican universities, from the 
ZMT, two local newspapers and a tele-
vision channel (channel 15). On this 
press conference, Dr. Vargas (CIMAR) 
and Dr. Wolff (ZMT) gave short lectu-
res on the scientific importance of the 
cruise and the joint research programme 
respectively. The Vicerectors of the 
UCR (Dr. Carlos Quesada) and of the 
UNA (M.Sc. L. San Roman) empha-
sized the importance of the Costa Ri-
can/German cooperation in marine 
science and the utility of the marine la-
boratory in Punta Morales (ECMAR) 
for the cooperative research program-
me. 
region mas profunda y anoxica del Gol-
fo Dulce (200m), y tuvieron como obje-
tivo el estudio del impacto de las condi-
ciones de anoxia en los procesos 
bioquimicos que tienen lugar en el agua 
y los sedimentos. Estos procesos fueron 
evaluados mediante analisis qufmicos y 
microbiologicos. 
Etapa 3 (17 al 30 de enro 1994) fue 
conducida en conjunto por cientificos 
del Instituto de Ciencias Geologicas de 
Bremen y cientificos del Instituto del 
CIMAR. Esta etapa consistio en un pro-
grama de muestreo en el Golfo Dulce y 
region de Sierpe - Terraba, dirigido a la 
reconstruction del paleoclima de la 
epoca del periodo Cuanternario Tardio. 
Se utilizo la toma de sedimentos y mue-
stras de coral para el analisis de 
isotopos estables de carbono y oxigeno. 
Este muestreo fue conducido utilizando 
un barreno de 6m de longitud y un mue-
streador tipo "box corer", y cubrieron 
un ambito de profundidad de 20 a 
1500m. 
El barco de investigacion zarpo del 
puerto de Bremerhaven, Alemania el 28 
de octubre de 1993 y retorno al mismo 
el 24 de marzo de 1994, depues de casi 
5 meses de navegacion. 
El programa de investigacion cientifica 
empezo en Puerto Caldera (Costa Rica), 
el 2 de diciembre de 1993 y finalizo en 
el mismo puerto el 19 de febrero de 
1994. 
El dia anterior a la primera etapa (1 de 
diciembre de 1993) se hizo una reunion, 
a bordo del Victor Hensen, con repre-
sentantes de las universidades costarri-
censes participantes, del ZMT, de las 
autoridades portuarias, y de personal de 
la Embajada de Alemania en Costa Ri-
ca. En esta reunion se explico el 
proposito del crucero, el programa de 
muestreo, equipo a ser utilizado, y otros 
detalles. 
El ultimo dia del programa cientifico 
(18 de febrero de 1994) el barco Victor 
Hensen fue anclado cerca de la Estacion 
de Ciencias Marinas en Punta Morales, 
Golfo de Nicoya. En la Estacion se hizo 
una conferencia de prensa con represen-
tantes de las dos universidades partici-
pantes, el ZMT, periodistas locales y el 
canal de television (Canal 15) de la 
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Thereafter, the group visited the RV 
Victor Hensen were the scientific equip-
ment was demonstrated and the sam-
pling programme conducted during the 
four cruise legs was explained. All Co-
sta Rican participants snowed great en-
thusiasm about the research vessel, the 
cruise and the scientific cooperation 
between Germany and Costa Rica, 
which was also reflected by numerous 
newspaper articles and a television pro-
gramme that followed the press con-
ference. 
A special compliment must be given 
here to the extraordinary logistical and 
coordinative work done by the Costa 
Rican partners - their cars run several 
thousand miles during the time of the 
cruise to transport Costa Rican and 
German scientists to and from the rese-
arch vessel, to provide the research 
crew with missing equipment and che-
micals, to transport samples to land ba-
sed cooling containers, to bring food 
supplies to the ship etc. 
All participating scientists carried out 
their work with great enthusiasm and 
the captain and his crew cooperated 
exemplary. Excellent weather condi-
tions during the cruise helped to provide 
ideal working conditions onboard the 
Victor Hensen. 
However, as on all research cruises so-
me problems occurred that should also 
be mentioned here. During leg 1, one 
research day was lost due to a fishing li-
ne that got trapped under the ship and 
that had to be removed by diving. In 
the Golfo dulce area the bottom trawl 
got stuck on remains of an ancient 
coral reef and was heavily damaged. 
On another station the beam trawl 
broke. Both bottom trawl and beam 
trawl could be repaired, however. Dur-
ing leg 4, the plankton multi -net did 
not work despite all the effort dedicated 
to it by the scientific and technical per-
sonnel of the ship. At one station the 
spare bottom trawl was completely lost 
as it was so heavily loaded that it had to 
be cut off. Last not least, one of the 
German scientists had to be brought to 
the nearest hospital in the port of Pun-
tarenas to be operated on his appendix... 
Universidad de Costa Rica. En esta 
conferencia de prensa, el Dr. Vargas 
(CIMAR) y el Dr. Wolff (ZMT) dieron 
un breve informe sobre la importancia 
cientifica del crucero y del programa de 
investigacion conjunta. Los Vicerrecto-
res de Investigacion de la Universidad 
de Costa Rica (Dr. Carlos Quesada) y 
de la Universidad Nacional (M. Sc. Lo-
rena San Roman) enfatizaron la impor-
tancia de la colaboracion Costa Rica -
Alemania en las ciencias marinas y so-
bre la utilidad de la Estacion de Cienci-
as Marinas (ECMAR) en Puenta Mora-
les para este programa cooperativo. 
Despues de dicha actividad, el grupo 
visito el barco Victor Hensen donde se 
les mostro el equipo cientifico y se 
explico el programa de muestreo utili-
zado durante las cuatro etapas. Los 
cientificos costarricenses se despidieron 
de sus colegas alemanes y de la 
tripulacion del buque. Los paticipantes 
mostraron mucho entusiasmo con re-
specto al buque cientifico, el crucero y 
la cooperation cientifica entre Alema-
nia y Costa Rica, la cual tambien fue re-
flejada por numerosos articulos en los 
periodicos y programas de television 
derivaados de la conferencia de prensa. 
Debemos expresar un especial agradeci-
miento al extraordinario trabajo 
logistico y de coordination realizado 
por los ostarricenses; sus vehiculos re-
corrieron miles de kilometros durante 
las 4 etapas del crucero, transportando 
cientificos alemanes y costarricenses 
hacia y desde el barco; ademas de equi-
po, muestras y alimentos. 
Todos los cientificos condujeron su tra-
bajo con gran entusiasmo y el capitan y 
su tripulacion cooperaron ejemplarmen-
te. Las condiciones climaticas excelen-
tes durante todo el crucero ayudaron a 
proveer condiciones ideales de trabajo a 
bordo del Victor Hensen. 
Sin embargo, como en todas las expedi-
ciones oceanograficas, algunos proble-
mas ocurrieron que son dignos de men-
cionar aqui. Durante la etapa 1 se 
perdio un dia comleto debido a una 
linea de pesca que se atasco en la helice 
del buque y tuvo que ser removida por 
buzos. En el area del Golfo Dulce una 
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Despite all these circumstances, the 
first expedition with the RV Victor 
Hensen to Costa Rican waters can be re-
garded as very successful and we feel 
encouraged to continue this scientific 
research programme. 
In the here presented cruise report the 
raw data and first preliminary results 
shall be presented in order to provide a 
basis for a more detailed analysis and 
discussion. 
de las redes quedo atascasa en un arre-
cife fosil, por lo que sufrio severos 
dafios. En otra estacion se rompio otra 
red. Ambas redes pudieron ser repara-
das a bordo. Durante la 4° etapa la red 
multiple para plancton no funciono 
apropriadamente, no obstante el esfuer-
zo de los tecnicos y cientificos del bar-
co. En otra estacion, el contenido de la 
red de fondo excedio la capacidad de 
levante del barco, por lo que tuvo que 
ser desechada. Por ultimo, uno de los 
cientificos alemanes tuvo que ser Ueva-
do al hospital del Purto de Puntarena 
para ser operado de su apendice. 
No obstante estas circunstancias, la pri-
mera expedition del barco Victor Hen-
sen en aguas costarricenses puede ser 
considerada un rotundo exito, y nos 
sentimos estimulados a continuar con 
este programa cientifico. 
Presentamos a continuation el informe 
del crucero y datos ppreliminares cuyo 
objetivo es servir de base para analisis y 
discusion mas detallados. 
Matthias Wolff (Scientific coordinator - ZMT) 
Jose A. Vargas (Coordinador cientifico - CIMAR) 
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II. Study area s 
Off the three study areas of the Victor Hensen cruise, the Golfo de Nicoya and the 
Sierpe-Terraba Forest Reserve (Fig. A,B) represent the most extensive mangrove 
areas (20379 ha and 17738 ha respectively) of the pacific coast of Costa Rica. The 
former is a tectonic estuary, extending about 100km from the Tempisque river to the 
500m isobath. The upper gulf is shallow ( < 25m) and fringed by mangroves and 
mud flats. The lower gulf deepens sharply towards the mouth, and is surrounded by 
rocky shores and sandy beaches. Tides are semidiurnal (mean range 2,5m). A dry se-
ason from December to April and a rainy season from May to November exert a 
significant impact on its water characteristics. The gulf is similar to other tropical 
estuaries as it is subjected to extreme seasonal variations in riverine flow, and differs 
from most temperate counterparts in that much of the nitrogen entering the system is 
from offshore deep water. The estuary is the most important fishing ground (finfish 
and peneid prawns) of Costa Rica, and the main ports are located within it. Coastal 
zone development, particularly agriculture and tourism has increased in recent years 
(Vargas, 1992). Because of its importance for the country, and the wide variety of 
ecosystems found, the Gulf has been the subject of a long-term research programme. 
More than 80 papers have been published to date, making the Gulf one of the best 
known tropical estuaries worldwide (Vargas, 1994) 
The Sierpe Terraba Forest Reserve is influenced by the Terraba and Sierpe rivers. 
The mangrove forest differs markedly from that in the "Golfo de Nicoya" in that the 
mangroves cover a wider area. People from the Sierpe-Terraba area are allowed to 
cut mangrove trees on a small scale to produce charcoal from the wood and tannins 
from the bark for the local market. Other sources of income are the collection of the 
bivalve Anadara tuberculosa, finfishing, and tourism (Coto, 1992). In contrast to the 
Golfo de Nicoya, very few investigations have been focussed on this area 
The third study area, "Golfo Dulce" (Fig.C), is the only anoxic basin in the Pacific 
coast of the Americas. As such, it may be considered as a unique "tropical fjord". 
The inner part of the gulf is deeper (200m) than the Golfo de Nicoya, and is surroun-
ded by steep mountains covered by rain forest. A sill of about 60m closes the mouth 
of the gulf. Water circulation is reduced because of the gulfs topography and is ap-
parently governed by the local wind regime (Richards et.al, 1971). Two principal ri-
vers are responsible for the input of fresh water into the system: Rio Rincon and Rio 
Esquinas. Mangroves are also found at many sites, as well as patches of coral reefs. 
Some big lumbering projects are taking place in the lands surrounding the coast, 
which may cause a serious impact on the gulf. 
These factors, together with the enclosed nature of the gulf, and its anoxic condition, 
make it particularly vulnerable to human impact. However, very little research has 
been conducted in Golfo Dulce. 
The vital importance of the mangrove areas in the Golfo de Nicoya and Sierpe- Ter-
raba, and Golfo Dulce regions for the local populations requires management policies 
aimed at the maintenance or increase of the economic benefit on a sustainable basis. 
In order to achieve this, the research strategy needs to comply with an ecosystem ap-
proach and an evaluation of human impact. 
The three areas have received uneven scientific attention over the past 15 years. In 
spite of this problem, available knowledge on the biota can be used and collections 
(e.g. fish species) can be referred to. Field stations from CIMAR and UNCR allow 
basic work on-site. A literature list of publications referring to the study areas can be 
obtained from Dr. Vargas. 
Study areas 
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Fig. C. Golfo Dulce with sample stations of demersal survey 
Scientific programme 
III. Scientific programm e 
Chief scientists: Dr. M. Wolff (ZMT), Dr. J. Vargas (CIMAR) 
Introduction 
During the first leg (Dec. 2-Dec. 18, 1993) and the fourth leg (Febr.2- Febr. 18) a 
macroscale evaluation of biological and oceanographical conditions in the water col-
umn and at the sea bottom along inshore - offshore transects (20m-200m) in the Gol-
fo de Nicoya, Sierpe Terraba and Golfo Dulce areas of the Pacific coast of Costa Ri-
ca was conducted. This evaluation consisted in the synchronous sampling of data on 
1) oceanographical conditions (CTD - recordings of temperature, salinity and oxygen 
concentration, secci-depth), 2) structure of bentho-demersal fish, 3) infauna commu-
nities, 4) ichthyoplankton and 5) zooplankton dynamics, The results of 1) to 5) will 
be presented separately by the corresponding scientific groups. 
/. Overview on oeanographical conditions 
1.1. CT D - Temperature, salinity and oxygen profiles (M . Wolff ) 
Objectives 
The main scientific objective of the recordings of oceanographical data in the study 
area was to provide baseline data on the abiotic environment of the living communi-
ties sampled during the study programme. Emphasis was given to temperature and 
salinity stratification according to water depth in the study areas and to the oxygen 
conditions in the water column and at the seafloor. 
Methods 
At 33 of 47 sample stations, a conductivity-temperature-density sensor (CTD) was 
lowered at a conduction wire from the sea surface to the seafloor at a constant veloc-
ity of 0.8 m/sec and the recordings of water depth, temperature, salinity and oxygen 
were registered on a computer. Each CTD- profile was saved and plotted for subse-
quent analysis. These profiles are presented here separately for the areas of Golfo de 
Nicoya (GN), Sierpe -Terraba (ST) and Golfo Dulce (GD). 
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Preliminary results and discussion 
The following Figures 1.1, 1.2, 1.3. exhibit the CTD profiles of legl and a map of 
the corresponding sampling sites in the study areas Golfo de Nicoya, Sierpe -Terraba 
and Golfo Dulce. 
For all except one profile (GN, St. 35) the oxygen concentration shows a pronounced 
maximum of > 120% saturation around 5m - 7 m water depth, which can only be ex-
plained by assuming a measurement artifact. The further shape of the oxygen curves 
seem reasonable, however and will be compared here. On the shallow water stations 
(< 50m water depth) in the GN area, the oxygen concentration drops very smoothly 
towards the bottom. At around 50m water depth, oxygen saturation is still > 60%. At 
the deeper stations, oxygen saturation rapidly drops from > 60 % at 50m water depth 
to < 20% around 75 m. From this depth downwards to 270m (deepest station (54) in 
the GN area) oxygen concentration decreases at a small gradient, reaching about 10 -
12% at 100 m water depth, 5 -7% at 200m and still over 1% at 270m. The same pat-
tern repeats in the ST area (see Fig. 1.2 ). The GD area shows a somewhat different 
picture: at the shallow water stations (D and K), oxygen saturation decreases rapidly 
to about 15% at 50m; at the deepest stations (L,B) in the inner part of the golf, oxy-
gen saturation is almost 0% at 100m and seems to be 0% in the bottom water. At 
the same water depth outside the GD area (St.I/G) oxygen saturation exceeds 1%, 
however, as in the GN and ST areas. 
At the stations 01,35 and 30 of the central part of the GN area, surface temperature 
is about 28° C and decreases only to a small extend towards the bottom indicating 
little or no temperature stratification and a well mixed water body. This is also cor-
roborated by the relatively straight salinity and density profiles at these stations. At 
station 06 at the central southern part of the bay, a light thermocline is observable 
around 30 m water depth. Temperature drops from about 26°C at 45 m to about 20° 
C at 60 m. At the deeper stations of the outer part of the GN area, a surface water 
layer of 30-40m depth with relatively homogeneous temperature conditions is fol-
lowed by a transition zone (to about 75m) where the temperature decreases from 
about 27° C to about 16° C. Towards the deeper waters, temperature decreases only 
little to reach values of about 14° C at 100m to 12° C at 270m water depth. These 
deeper waters have a fairly homogeneous density. A similar pattern can be observed 
in the area of ST. 
At the shallow stations of the GD area (Stations D,K), temperature and salinity de-
crease steadily to about 50m, with no stratification. Surface salinity is the lowest 
(about 21ppt) at these two stations reflecting the strong influence of the river "Rio 
Rincon". At the deeper stations within the golf (Stations L,B) the temperature profile 
follows the oxygen profile. Temperature, oxygen, salinity and density remain fairly 
constant below 100 m water depth. Bottom temperature is about 16°C at 200 m with-
in the golf, significantly higher than at the same depth outside the golf and in the 
other study areas (around 12°C). 
From the foregoing the GD area can be considered as oceanographically distinct 
from the other two study areas: firstly, oxygen saturation decreases much more rap-
idly from the surface to bottom waters, were (at least in part) anoxic conditions pre-
vail. Water temperature is significantly higher in the deeper parts (below 100m) com-
pared to the other study areas. These features suggest that the water entering the golf 
from the open ocean has a rather long duration time in the golf when compared with 
the other areas. 
Living communities with moderate to high oxygen requirements (>7% saturation) 
should do well in the GN and ST areas up to a water depth of about 150m, while in 
the GD area an oxygen restriction can be expected for these communities below 50 -
70m water depth. 
Scientific programme 
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Fig. 1.1 T (°C), S(°/°°) and 02(%) - profiles in the area of Golfo de Nicoya 
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1.2. Nutrient profiles (J . Chaves, M. Birkicht, S. Leon & A. Madrigal) 
Introduction 
Research on the plant nutrient dynamics and distribution on the Pacific coast of Cos-
ta Rica began with an early survey along the Costa Rica Dome by Broenkow (1965). 
This work was prompted by the interest generated by this upwelling area, which is 
part of the eastern Pacific tuna fishery ground. Other studies that followed in shal-
lower coastal environments include a comprehensive chemical survey of the Golfo 
Dulce (Richards, et. al. 1971),which was shown to be anoxic in most parts (see chap-
ter II for further description). 
In the Golfo de Nicoya (Fig.A, chapter II) the first nutrients survey was done in the 
late 70's by Epifanio, et. al. (1983). The authors found higher nutrient loads in the 
upper gulf, with levels varying seasonally by an order of magnitude The lower gulf 
was characterized by low nutrient concentrations at the surface. The most remarkable 
finding was that, contrary to most temperate estuaries, much of the nitrogen entering 
the bay, is from offshore waters. 
Located 150 km southeast of the Golfo de Nicoya is the Sierpe-Terraba estuary, Cos-
ta Rica's largest deltaic system (see Fig.B, chapter II). Most of the studies available 
about this area are related with the mangrove forests that cover several islands lo-
cated in the mouth area of the river. However, a FAO fisheries survey during 1987 
(Str0mme and Saetersdal, 1988), reported high catches of both pelagic and demersal 
species. In the realm of hydrographic surveys, no data is available so far. Fig. 1.4 
presents this and the other two areas with the sampling stations of the cruise. 
Objectives and Scientific Questions 
The main objective was to assess the plant nutrient distribution within the above 
study areas 
Important questions adressed were: 
To which extent are the nutrient levels of the upper Nicoya Gulf influenced by 
the entrainment of oceanic deep water into the gulf, especially during times of 
lower nutrient loads from the runoff in the dry season ? 
11 Scientific programme 
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Fig.1.4: Pacific coast of Costa Rica, Central America. Location of the stations for nutrient survey: A) Nicoya 
Gulf, B) Coronado Bay, C) Golfo Dulce 
To what degree have the nutrient loads of the Nicoya gulf increased during the 
last few years? An increase can be expected since water from the Caribbean ba-
sin has been deverted into the Nicoya Gulf through a major irrigation project 
that began in the early 80 's. Those waters enter the gulf from the north through 
the Tempisque river. In addition, part of the sewage from the city of Puntarenas 
is now directed to a treatment plant which discharges into the gulf. 
How is the nutrient distribution across the Golfo Dulce? 
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Methods 
Two cruise legs were done on board of R/V Victor Hensen (02-08 December 1993 
and 02-08 February 1994) covering the Golfo de Nicoya, the adjacent shelf to the 
Sierpe-Terraba rivers and Golfo dulce (Fig. 1.4). At the Nicoya Gulf the number of 
sampling stations during the first and second leg were ten and eleven respectively. 
During the second leg, two anchor stations over a semidiurnal tidal cycle were in-
cluded at the west and east sides of the lower gulf, as these are the areas where the 
main water exchange between the ocean and the Nicoya Gulf takes place (Voorhis, 
et. al. 1983). Additionally, a five station transect was conducted in Bahia Ballena, a 
small bay at the west side of the lower gulf (see Fig.l .4). 
In the Coronado Bay (Sierpe-Terraba), four stations were sampled in both legs along 
a 40 km transect perpendicular to the coast. It extended from the Sierpe river to the 
200 m isobath. 
Five sampling stations were distributed in Golfo Dulce along its longitudinal axis 
during the first leg and one lateral station at the inner basin was included. During the 
second leg, samples were taken at three stations, outside, over and inside the sill. An-
other transect of seven sample stations was done transversally across the gulf be-
tween the Rincon and Esquinas rivers (Fig. 1.4). 
Sampling was done with Niskin bottles. During the first leg samples were taken at 
three or two depth levels. In shallow water (10-20m) samples were taken from the 
surface and bottom waters respectively. In deeper water a third sample was taken 
from the region of the thermocline as determined with a CTD. During the second 
cruise samples were taken at closer levels. 
Ammonium was spectrophotometrically analyzed onboard immediately after collec-
tion of the water sample, using prepared Merck-Spectroquant reagents. Samples for 
nitrite, nitrate, ortophosphate and silicate were stored and frozen in 500 ml polyethy-
lene bottles for later analysis in the Marine Chemistry Laboratory at the Universidad 
Nacional, Costa Rica. Triplicate analysis were carried out spectrophotometrically 
following the procedures of Strickland and Parsons (1972). 
Preliminary Results and Discussion * 
Golfo de Nicoya: 
During the first leg higher nutrient levels were found in the upper gulf (Figs. 1.5). A 
strong vertical mixing process over the depression in the mid-gulf area is evident. 
Levels of nitrite and ortho-phosphate change markedly in this area. Variation in ni-
trate between the upper and lower gulf appears to be less marked during dry season. 
Higher concentrations (up to 27 |a.mol 1-1) were found in deep waters (200 m) of the 
lower gulf during the December leg. Epifanio et. al. (1983) reported nitrate concen-
trations as high as 20 (imol 1"* at the bottom, at a 65 km distance to the mouth of the 
Tempisque river. At this distance, we measured only about 7 (imol H (Fig. 1.5, 
upper left). However, over a semidiurnal tidal cycle this picture changes drastically. 
Nitrate levels measured at the west side anchor station at a depth of 60 m (Fig. 1.7a). 
some 75 km from the Tempisque rivers were as high as 28 |imol I"*, descending to 
18 |imol 1~* during low tide (anchor station results are discussed below). This sug-
Ammonium data for both cruises and silicate data for the first are not included in this first report. 
13 Scientific programme 
gests that the intrusion of nutrient rich water into the upper gulf is a tidally driven 
process, rather then result of permanent upwelling, as suggested by Epifanio e t . al. 
(1983). Lateral distribution across the lower gulf (stations 51,52, 53) during the Feb-
ruary cruise (Fig. 1.6), shows a rising of the isopleths towards the west side of the 
gulf indicative for stronger input of nutrient rich deep water through this area. 
Results from the anchor stations measurements show an opposite behavior of nutri-
ent fluxes in response to tidal phase at both sampled sites. At the west side of the 
lower gulf (Fig. 1.7 a-d), water above the thermocline was always low in nutrients 
with no major changes during the tidal cycle. At deeper levels, a strong input of nu-
trient-rich water was evident with a peak during high tide, particularly with nitrate 
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A) Nitrate,--N.D: no data fro deeper levels-, B)nitrite, C) ortho-phosphate, D) silicate, during cruise leg 2 
(2- 8/2/94) 
and ortho-phosphates. Nitrite showed no changes and silicate presented lower levels 
during high tide. At the anchor station on the eastern side (Fig. 1.7 e-h), nutrient lev-
els rose in the entire water column around the low tide. The picture is in accordance 
with the tidaly averaged circulation pattern proposed by Voorhis et . al. (1983): in-
flow of oceanic water at all depth at the western side of the lower gulf and along the 
bottom at the eastern side. Outflow takes place at shallower depth at the eastern side. 
The water leaving the gulf passes through the constriction between San Lucas Island 
and Puntarenas and flows southward along the eastern side. Thus, the eastern lower 
gulf exhibits increased nutrient levels especially during low tide. 
Vertical nutrient distribution along the transect at Bahfa Ballena (Fig. 1.8 a), suggests 
that the shallow bay receives strong nutrient input at the bottom. Levels of nitrate up 
to 18 |-imol l"1 - outside in the lower gulf only found at deeper levels- were detected 
at 30 m in this bay. Suggesting enhanced productivity at Bahia Ballena. This process 
could account for the rich benthic fauna found here (Maurer & Vargas, 1988 and see 
section 2.2 and 2.3 of this report). 
Sierpe-Terraba: 
No differences were found between the December and February legs in Coronado 
Bay (Figs. 1.9, 1.10),. Vertical distribution of nutrients showed not to be different 
from that of the contiguous Eastern Tropical Pacific oceanic waters as reported by 
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NOAA (1975). No 
influence of the 




The distribution of 
the sample stations 
at Golfo Dulce 
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quate to resolve the 
chemical complex-
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basin. The follow-
ing discussion cor-
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ta collected at the 
transect between 
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and Esquinas. Data 
from the other sta-
tions are listed in 
the data appendix. 




cesses occuring in 
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exhausted from 
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Fig. 1.7. Golfo de Nicoya. Vertical variation of nutrients (^ mol 1- ) (luring a semi- tOm- A secondary 
diumal tidal cycle at the western lower gulf: A) nitrate, B) nitrite), C) ortho-phos- nitrate maximum IS 
phate), D) silicate, and at the eastern lower gulf (E,F,G,H with the same nutrient eviden t aroun d a 
sequence respectively). The tidal cycle at each anchor station is given above. uept n 0 1 1Z U m . 
This maximum dif-
fers from the nitrite maximum appearing at the other locations sampled during both 
cruises, which is shallower and widely found near the thermocline due to the oxida-
tion of organically derived ammonia or to extracellular production of nitrite by phy-
toplankton during the assimilation of nitrate (Deuser, 1975). The deeper secondary 
maximum found at Golfo Dulce is caused by the activity of denitrifying bacteria. 
Silicate concentration at the deep levels inside the basin were significantly lower 
than those reported by Richards et. al. (1971). These authors reported concentrations 
ranging from 50 -70 (xmol 1" . Concentrations we found were comparable to those 
outside the sill at the same depths (see appendix). Low silicate concentrations at deep 
waters of the inner basin were associated by the above authors with events of new 
water entering the deeper layers of the basin. 





A \ J r*-
_ Bahfa Ballena ^ 
N03 |jmo l r1 
r ^ 
— 1 7 
B A / 
Bahfa Ballena 






- /-*  ^ v -  i —; --^ . •> 
C \  f 
Bahfa Ballena ^ ^ ^ 
N02 |jmo l r1 
0.5 
-o.a- Bahfa Ballena 
Si04 |jmo l I1 
Distance (km) 
Fig. 1.8 Nicoya Gulf. Vertical distribution of nutrients (ujnol l"1) at a transect in Bahia Ballena, A) nitrate, 




^ — 15 0 
Q_ o 
CD 





E^— ;0. 1 
rT^-r-o.i— 
0.2 
3 1 0 
^ = = = ^ ^ ^ 
~-~- Sierp e River Mouth & 
Adjacent Shelf Area 
Mmol fNO," 
CRUISE 2 
~—- .  / E 3 
. Sierp e River Mouth & 
Adjacent Shelf Area 
Mmol 11N02 
CRUISE 2 
20 3 0 4 0 
Distan ce 
•: 0 5 : 
• ^ -^1.5 
=Z§— — "ZZ^ZZ 
" — ~ ^ C ~ 
Sierpe River Mouth & 




Sierpe River Mouth & 
Adjacent Shelf Area 
Mmol I 'SiO, 
CRUISE 2 
I 1 0 2 0 3 0 4 0 
; (km) 
Fig. 1.10 Coronado Bay. Vertical distribution of nutrients (umol 1"*) at a transect from Sierpe river's mouth ti 
the 200 m isobath during cruise 2 in February 02-08 1994. A) nitrate, B) nitrite, C) ortho-phosphate D) sili-
cate. 




5 0 ^ , 0 
Sierpe River Mouth & 
Adjacent Shel f Are a 







- 0. 2 ^ — 
^0 .6 
1-0.6 " 
^ - 0 . 2 — — ^ ^ 
/ b 
Sierpe River Mouth & 
Adjacent Shel f Are a 
pmol l'1NO; 
CRUISE 1 
Sierpe River Mouth & 
Adjacent Shel f Are a 
jjmoll"1POj" 
CRUISE 1 






























• '  • •  / 
* *  * / 
if 
Distance (km) 
Fig. 1.9 Coronado Bay. Vertical distribution of nutrients 
(umol 1 ) at a transect from the river Sierpe to the 
200m isobath during leg 1 (8/12/93). 
References 
Fig. 1.11 Golfo Dulce. Vertical distribution of nutri-
ents (jimol 1 ) at a transect between Esquinas and 
Rincon rivers during cruise 2 in February 02-08 1994. 
A) nitrate, B) nitrite C) silicate. 
Broenkow, W. W., 1965. The distribution of nutrients in the Costa Rica Dome in the Eastern Tropical Pacific 
Ocean. Limnol. Oceanogr. 10: pp 40-52 
Deuser, W. G., 1975. Reducing Environments. In: Riley, J. P. & Skirrow, G. (Eds.), Chemical oceanography, 
Vol. 3 Academic Press, N. Y.: pp 1-37. 
Epifanio, C. E.; Maurer, D. & Dittel, A. I., 1983. Seasonal changes in nutrients and dissolved oxygen in the 
Gulf of Nicoya, a tropical estuary on the Pacific coast of Central America. Hydrobiologia. 101, pp 231-
238. 
Maurer, D. & Vargas, J. A., 1984. Diversity of soft-bottom benthos in a tropical es tuary: Gulf of Nicoya, Cos 
ta Rica. Marine Biology 81: pp 97-106. NOAA, 1975. Eastropac atlas, Vol. 10. U. S. Government 
Printing Office, Washinton D. C. 
Richards, F. A.; Anderson, J. J. & Cline, J. D., 1971. Chemical and physical observations in Golfo Dulce, an 
anoxic basin on the Pacific coast of Costa Rica. 
Strickland, J. D. H. & Parsons, T. R., 1972. A practical handbook of seawater analysis. Fish. Res. Bd. Can. 
167:310 pp.. 
Str0mme, T. & Saetersdal, G., 1988. Prospecciones de los recursos pesqueros de la plataforma pacifica entre 
Columbia y el sur de Mexico, 1987. Institute of Marine research, Sweden, Bergen. 
Voorhis, A. D.; Epifanio, C. E.; Maurer, D.; Dittel, A. I. & Vargas, J. A., 1983. The estuarine character of the 
Gulf of Nicoya, an embayment on the Pacific Coast of Central America. Hydrobiologia. 99: pp 225-
237 
1° Scientific programme 
2. Demersal Fish and macrofauna - Trawl surveys 
2.1. Report on the fish  collections (W. Bussing &  M. Lopez) 
Objectives 
Our objectives were twofold: (1) to identify all species taken on board in order to in-
sure accurate sample data by the fisheries biologists and (2) to take tissue samples of 
as many species as possible to be preserved in saline buffer solution for future 
mtDNA analysis. This latter analysis can be used for a variety of future studies such 
as the identification of pelagic larvae, phylogenetic studies, comparisons with fish 
stocks from other regions of the Eastern Pacific, etc. 
Preliminary results and discussion 
We achieved both goals, although a number of specimens remain to be confirmed to 
species. Tissue samples were taken from more than 250 species of fishes. 
The December v93 and February v94 cruises, for the first time, permitted a compari-
son between the benthic faunas of both the Golfo Dulce and Golfo de Nicoya utiliz-
ing the same sampling procedures at the same time of the year. The ichthyological 
results reveal a striking contrast between the depauperate Golfo Dulce and the far 
more productive Golfo de Nicoya. It is probable that the differences would have been 
even more significant were it not that the Golfo de Nicoya has been overfished for 
many years and fish stocks can be considered way below "normal". 
We were present on two of three cruises aboard the R/V Skimmer in the Golfo de Ni-
coya during 1979-1980. Collections were made with a small otter trawl with a mouth 
of 12m. At that time, only 14 years ago, the number of species and biomass, especial-
ly of sciaenids, was far greater (Bartels et al. 1983, 1984). Some of these differences 
may reflect the fact that the Skimmer also sampled at night, whereas that was not 
possible on the Victor Hensen. Otherwise sampling stations were roughly similar. 
Two specimens of an eel, Ophichthus sp.. were collected which represent a species 
new to science. Several other specimens of known, but undescribed, species were al-
so taken. Two specimens of Gobiesox milleri, a diminutive species with a ventral 
sucking disc, were the first specimens of the species taken since the original descrip-
tion 40 years ago and are the first for the Museo de Zoologia. 
A list of the fish species already identified onboard Victor Hensen is given in 
Appendix IV. 
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2.2. Repor t on non-crustacea n invertebrat e collection s 
2.2.1. Mollusc collections (R . Cruz ) 
Objectives 
Except for a report of Maurer et al. (1988) on the benthic fauna in the Gulf of Nicoya 
and some taxonomic information on the gastropods and bivalves along the Pacific 
shores of Central America by Keen (1971), there are no species lists available for the 
areas investigated during the cruise of RV Victor Hensen (Golfo de Nicoya (GN), 
Sierpe-Terraba (ST) and Golfo Dulce (GD)). For this reason, the objective of this re-
port is to present a species list of gastropods and bivalves collected during the re-
search cruise and to compare the species of these three areas. 
Material and methods 
All specimens collected during the two legs of RV Victor Hensen were preserved in 
10% formalin and identified using the literature (Olsson, 1981; Keen, 1971; Skod-
lund, 1991,1992). (Further details on the sampling see next chapter C: quantitative 
assessment) 
Preliminary results and discussion 
The list of gastropods and bivalves found at the various sample stations in the three 
study areas is given in Table 2.1 A total of 166 species was identified, of which 119 
belong to the groups gastropods, 46 to bivalves and 1 to scaphopods. 
Of the gastropods, 56,8 and 9 species were found exclusively within the GN, GD and 
ST - areas respectively. 22 species were found in all of these areas, 9 in the GN-and 
GD-areas and 17 in the ST and GN-areas. 
This species record adds 81 species to the area of GN, where Maurer et . al (1988) 
had reported only 25 species. 
Among the most abundant gastropods were Polystira oxitropis and Strombina fusi-
noidea in the GD-area, Oliva polpasta in the ST-area and Fusinus panamenis in the 
GN-area. 
Of the 45 bivalves collected, 24,5 and 6 were found only within the GN, ST and 
GD-areas. Only two species were found in the three areas. Nicols-Driscoll (1976) re-
ported 4 bivalve species in the GD-area compared to 11 found during this survey 
and Maurer et. al (1984) reported 2 species for the GN-area compared to 27 found 
during this survey. 
At station 51 (Golfo de Nicoya, about 60 m) the highest species number of gastro-
pods was found (48), followed by station P (Sierpe-Terraba, about 50m) with 30 
species, station 52 (Golfo de Nicoya, about 100 m) with 22 species and stations 31 
(Bahia Ballena, 22 m) and station F (Golfo Dulce, 73 m) with 21 species.of gastro-
Table 2.1. Mollusc species/station list as derived from demersal survey during leg land eg 4 10 
Stations 
Golfo Dulc e Sierp e Terrab a Gul f o f Nicoy a 
Soecies c D E F G H I J K L M N O P O R S T 31 51 54 52 53 6 so 30 35 1 45 43 
Gastropods 
Admetula deroyae 





























































































































































































































































































































Table 2 .1- continuation 21 
Stations 
Golfo Dulc e Sierp e Terrab a Gul f o f Nicoy a 


































































































































































































































- J 1 1 1 X X 
-A 
*•" Scientific programme 
pods. 
Bivalve species richness was highest at station 31 (Bahia Ballena, 22 m) with 13 
species, followed by station 35 (Golfo de Nicoya, 15 m), station 51 (6 species) and 
station F (5 species). 
Except for station F, all Golfo Dulce stations exhibited rather low species richness of 
gastropods and bivalves. 
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2.2.2. Quantitative note s (V. Koch) 
Objectives 
The objective of this contribution is to give an overview on the biomass distribution 
of collected (non -crustacean) invertebrates in the three study areas Golfo de Nicoya, 
Sierpe-Terraba and Golfo Dulce and to look for similarities and differences between 
areas and depth ranges. 
Preliminary results and discussion 
Invertebrate biomass values were in general higher in the Gulf of Nicoya than at 
Sierpe Terraba and Golfo Dulce (Table 2.2). Some groups such as squids, sea ur-
chins, anemones and sea cucumbers were exclusively found in the Gulf of Nicoya. 
Sea stars were much more abundant here, but also occurred- at lower biomasses- in 
the other two regions. In the GN- area, the shallow stations showed the highest va-
lues (depth range: 10 - 44m), but on station 52 (118m) some sea stars were found 
too. Highest biomass and abundance of squids was found in the Gulf of Nicoya whe-
re the greatest concentrations occurred in depths between 60 - 110m. Only one juve-
nile squid was caught in the Golfo Dulce. Highest octopod biomass was reported in 
the Golfo Dulce, but only on those stations (G, I, M) located at the outer shelf and in 
the region of the sill which closes the Gulf to the ocean. Gastropod biomass was hig-
hest in the Gulf of Nicoya, especially on stations 51 and 52 with Fusinus panamensis 
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being the dominant species. At most stations dead shells predominated, living gastro-
pods were most frequently found in areas with coarse sediment or stones. Living bi-
valves were rare in all three regions, Tellina ecuadoriana was the dominant living 
bivalve (stat. C in Golfo Dulce and bt06/2 in the Gulf of Nicoya). Sea urchins were 
found in the Gulf of Nicoya in depths from 10 - 80m, but did occur only at three sta-
tions (43, 51, 53). Ophiurids were not caught in Golfo Dulce whereas at the 20m sta-
tion (Q) in Sierpe Terraba some specimens were found. In the Gulf of Nicoya ophiu-
rids were caught at three shallow stations, of which two had low biomass values (31 
and 50). The highest biomass was reported in the upper Gulf near Isla Chira at a 
depth of 10m. No ophiurids were caught at depths below 32m. Anemones in the Gulf 
of Nicoya were found at four stations (ot06, bt06, 30 and 52). Highest biomass oc-
curred at the first three stations at a depth range from 31 - 44m. Sea cucumbers were 
found at two stations in the Gulf of Nicoya (31 and 06), at depths of 22m and 44m 
respectively. In terms of biomass, squids were the dominant invertebrate group in 
the Gulf of Nicoya, representing 40% of the total catch, followed by sea stars (27%), 
sea urchins (11%), gastropods (10%), anemones(7%), ophiurids(3%), sea cucumbers 
(1,4%), octopods (0,5%) and bivalves (0,l%).ln Golfo Dulce the catch was clearly 
dominated by gastropods (49%) and octopods (45%). Seastars and bivalves repres-
ented only 3% each, the percentage of squids was below 0,2%. In Sierpe Terraba in-
vertebrate biomass was strongly dominated by gastropods (87%), sea stars and ophi-
urids represented approx. 6% each and ophiurids accounted for 1% of total catch. 
The low invertebrate biomass found in the Golfo Dulce area suggests a general low-
er benthic productivity when compared to the Gulf of Nicoya. This can probably be 
attributed to the low oxygen content of the bottom water of the inner Golfo dulce du-
ring most time of the year, inhibiting settlement and growth of most invertebrates but 
might also be the result of a general lower nutrient input and a lower primary produc-
tivity. In the Sierpe Terraba area, invertebrate biomass seems to be somewhat higher 
than in the Golfo dulce. Here the oxygen saturation of the bottom water is more fa-
vourable and high nutrient input from the large river Sierpe and the surrounding 
mangrove swamps may improve the conditions for megabenthic invertebrates. The 
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high biomass of squids in the Gulf of Nicoya may be indicative for a high pelagic 
productivity in this area. The much higher biomass and abundance of detritus and 
filter feeders such as sea urchins, ophiurids, sea cucumbers and anemones in the Gulf 
of Nicoya is probably reflecting a much higher benthic productivity in this area when 
compared to the other two areas as a result of the shallow nature of the bay and the 
high nutrient input (see chapter 1). In general the benthos of the Gulf of Nicoya 
seems to also be more divers than in the other two areas. These findings coincide 
with those for demersal fish and crustaceans (see next chapter) which also exhibit 
highest biomass and diversity in the Gulf of Nicoya. 
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2.3. Quantitativ e assessment o f fish and crustaceans (M. Wolff, S . Jesse) 
Objectives 
In the three study areas of Golfo de Nicoya , Sierpe Terraba and Golfo dulce, beam-
trawl and ottertrawl hauls were conducted along a depth gradient from about 20 m to 
200 m in order to sample the demersal fish and macrofauna in these areas and to find 
out 1) if there are areas with commercially important concentrations of fish and in-
vertebrate species, 2) if there are certain areas/stations that can be characterized by 
assemblages of a particular set of species, 3) if and how the two golf systems (Golfo 
de Nicoya and Golfo dulce) and the Sierpe-Terraba estuary differ in their species 
richness, -composition, abundances and biomass and how differences relate to ocean-
ographical conditions in the different areas and water depths. As the Golfo dulce area 
had not been surveyed on a macroscale before, it was expected to find some new as 
yet not described species. 
Material and methods 
Sampling 
Two types of trawls (beam trawl and otter trawl) were employed to sample the small-
er fish and macroinvertebrates as well as the bigger fish. 
At the stations (seen in Figs. A,B,C), 15 min beamtrawl hauls (meshsize 1cm) were 
conducted at an average towing speed of about 1.5 knots. The catch was then separa-
ted into fish and invertebrates, and the total weight of all specimens of each species 
was registered (in some rare occasions subsamples had to be taken). The length fre-
quencies of the abundant species (> 10/sample) were recorded. Most taxonomic 
identification of the fish species was done already on board by Dr. William Bussing. 
Unidentified species (the majority represented by invertebrates) were numbered for 
later identification and preserved in 4% formalin. 
On those sampling stations where coral pieces, tree trunks or stones appeared in the 
beam trawl, the otter trawl was not employed thereafter because of the danger of 
damage - otherwise the sampling stations of the beamtrawl were repeated with the ot-
tertrawl (meshsize 2.5 cm), that was towed for 30 min at an average speed of 2.5 
knots. The catch was then analysed as described for the beamtrawl. 
The beamtrawl (opening width: 3m) swept an area of approx. 2084 m2, while the ot-
tertrawl (opening width: 35 m, head rope:27.5m;foot rope: 34m) swept an area of ap-
prox. 81 025 m2 per tow. 
During the first leg, the ottertrawl was heavily destroyed on a coral reef in the Golfo 
dulce area (st. I, see Fig. C ), but sampling was continued using a second trawl. At 
another occasion ( st. 51, Fig.A) the beam of the beamtrawl broke and had to be re-
paired. 
During the second leg, the second ottertrawl was lost completely in the Golfo dulce 
(st.E, see Fig.C ) as it was so heavily loaded that it had to be cut off. In the meanwhi-
le the other ottertrawl had been repaired and could be employed up to February 16, 
when it again was so heavily destroyed (Golfo de Nicoya, St. 54) that it could not be 
used any longer. For this reason , the number of samples taken by the ottertrawl was 
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lower (11) then during the first leg (18). 
Data processing 
For the preliminary data analysis of the fish and crustacean data presented here the 
following steps were done: 
1. For each sample (station), a species list was elaborated containing biomass (Bm 2) 
number (Nm2), and a descriptor (P) which combines biomass and number. This de-
scriptor is given by: P= (B/A)073 * A (Warwick & Clarke, 1993). 
In case of the crustaceans, the species list is still incomplete because of identification 
difficulties. Therefore, the unidentified species were grouped into families or even 
higher taxonomic categories for further elaboration. 
2. A station/species matrix was constructed for the beamtrawl and ottertrawl samples 
for both cruise legs separately and a similarity matrix using the Goodman-Kruskal 
gamma coefficient was computed by the use of the SYSTAT software. For this ma-
trix the descriptor "P" (s. above) was used. 
In case of the crustaceans, only data of the fourth cruise leg are presented here, as the 
data of the first leg have as yet not been elaborated. 
3. The ward linkage algorithm was then used to construct station clusters from the 
similarity matrix. 
4. A "station parameter table" was constructed for the data of all beamtrawl and all 
ottertrawl samples taken during leg 1 and leg 4. To do so, for each station (sample), 
bottom temperature (°C), oxygen (% saturation) species richness (number, except for 
the crustaceans), biomass (g m~2), abundance and dominance index "d" (except for 
the crustaceans) was calculated. The dominance index "d" was calculated after Whit-
taker (1965): d = X (ni/N) 2 , where ni the value (biomass, abundance or production) 
for each species and N is the sum of the values of all species. 
5. This station parameter table was then standardized to put the measurements on a 
common scale. By the standardizing routine the data of the variables are replaced by 
their sample standard scores. 
6. From the so standardized table a similarity matrix was constructed as described 
above. 
7. A 2- dimensional multidimensional scaling (MDS) -plot was then established in 
order to fit the sample points in space such that their distances correspond as closely 
as possible to the set of the 6 station descriptors used (see above). 
8. A 3 D-MDS plot was done with the samples of the beamtrawl and ottertrawl sepa-
rately for both cruise legs using a station/species matrix in which the species num-
bers were significantly reduced to those species that account for 90%-95% of the 
species biomass (about 30% of all species/station). 
In case of the crustaceans, no further species reduction was necessary, as the data had 
to be grouped into higher taxonomic categories right from the beginning (s.a.) 
For the MDS-plots, the stress (Shepard diagram) was used as a goodness of fit crite-
ria as described in the SYSTAT handbook. 
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Preliminary results and discussion 
1. Fish assemblages 
The appendix A contains the species list for both cruise legs. Table 2.3. shows the 
oceanographical and biological station descriptors for the beamtrawl and ottertrawl 
samples. 
Fig. 2.1. shows the station clusters for the beamtrawl and ottertrawl samples of both 
legs derived from the station/species matrix using the biomass/abundance descriptor 
tipn 
The beamtrawl cluster of the first leg shows three groups, the first being composed 
of the stations of the inner and central part of the Golfo de Nicoya (35,30,06,45 and 
01), the second group is divided into the deep water stations of the Golfo dulce, 
Sierpe-Terraba. and Golfo de Nicoya areas (G,N,52,54) and the other stations of the 
Sierpe-Terraba area (0,T,P,Q) and the shallow stations of the western side of Golfo 
dulce (D and E). The third group contains the other stations of the Golfo dulce area 
(F,C,A and B) and the stations of the Golfo de Nicoya area located at the edges of 
the outer part of the gulf (53,51,31). A somewhat different but similar pattern is re-
peated for the beamtrawl samples of the second leg: here the deep water stations of 
all areas ( 54,G, N,0) and those stations that are near to the openings of both gulf 
systems (31,51 J7 and H) form the first group. The second group is divided into the 
stations of the inner part of the Golfo de Nicoya (43,45,01) and two of the central 
stations of the Golfo dulce area (B,C). The last group is made of stations of the cen-
tral part of the Golfo de Nicoya (30,35,06,50) and the nearshore stations D,E of the 
Golfo dulce area and the 50m station P of the Sierpe -Terraba estuary. 
In the ottertrawl clusters, some of the above station grouping are repeated, some are 
not: the stations of the central and outer part of the Golfo de Nicoya 
(30,06,52,53,54) are grouped as are the stations of the Golfo dulce K,L and M. The 
deep water stations I and 1.2 are grouped together with station 31 (Bahia Ballena) of 
the Golfo de Nicoya in the cluster of the first leg. For the second leg the deep sta-
tions 1.2 and 54 are also grouped. The grouping of the nearby stations 45 and 01 
(Golfo de Nicoya, inner part) are repeated in all clusters, except the ottertrawl cluster 
of leg 2. Here, station 45 is quite distant to the other stations. 
Fig. 2.2. shows the 2D-MDS-plots based on the station parameter table 2.3. for the 
combined beamtrawl and ottertrawl samples of both legs (upper part) and the 3D-
MDS-plots established from the reduced station/species matrices for the beam- trawl 
and ottertrawl catches of each leg. 
The beamtrawl stations show a clear pattern: the stations of high biomass and spe-
cies richness are concentrated in the upper part of the plot, with the stations of the in-
ner, warmer and shallower part of the Golfo de Nicoya (43.2,35.1,35.2,45.1,31.1, 
01.1, 31.2) being clumped together in the upper right corner, whereas the deep and 
cold water stations located in the outer parts of the Golfo de Nicoya (54), Sierpe-Ter-
raba (N2) and Golfo dulce area (Gl and G2) are within the left upper part of the plot. 
The two stations of the deep basin within the Golfo Dulce (Bl and B2) are clumped 
together in the lower part of the plot. These 2 stations, in addition to having very 
low species biomass and richness are separated from other stations of low biomass 
by their anoxic conditions. 
The plot for the ottertrawl catches shows a somewhat similar pattern: again the 
anoxic deep basin station "L" within the Golfo dulce is at the lower part of the plot 
and the shallow water stations of high biomass and high species richness are 
clumped in the upper right corner of the plot. 
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Table 2.3. Sample stations and station parameters (B: biomass; A: abundance; P: production; cA, cP: domi-
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The 3D- MDS plots established from the reduced station/species matrix from the 
beamtrawl and otter trawl samples exhibit the following pattern: 
(1) station 45 (inner part of Golfo de Nicoya) is separated from the other station 
points in all plots; (2) the deep water stations outside the golf systems (54, G, 12) are 
also separated in all plots; (3) the anoxic station B (Golfo Dulce) is separated from 
the other points in the beamtrawl plot of the fourth leg. In both ottertrawl plots, sta-
tion 06 (center part of Golfo de Nicoya) is also separated from the rest. 
Characteristic species for station groupings 
When looking for characteristic species of high biomass and abundance of these sta-
tion groupings (consulting appendix A), the following table can be derived: It is 
shown, that some species are abundant in all or most of the station groups (e.g. Sym-
phurus spp„ Cynoscion spp.) while others are rather characteristic for just the sta-
tions grouped (Hemanthias spp. and Pontinus sierra for the deep stations, Arms spp. 
for the shallow stations of the Golfo de Nicoya and Bollmania spp. for the shallow 
stations in the Golfo dulce and Sierpe-Terraba areas). 
Table 2.4. Characteristic fish species of station groups derived from cluster analysis 
and MDS-plots (see text)(species in bold seem to be very typical for the group) 
group A 













shallow Golfo de Nicoya: 
st.43,45,01 
i Dasyatis longus 
Arius spp. 
Neopisthopherus tropicus 
i Paralonchurus dumerilli 
; Pomadasys leuciscus 
| Rhinobathis leucorhynchus 
i Cynoscion spp. 
Anchoa spp. 
j group D 
i central Golfo de Ni-
icoya: 35,30,06 
i Cynoscon spp. 
i Diapterus spp. 
| Selene peruviana 
1 Trachinotrus paitensis 
i Symphurus spp. 
I Anchoa spp. 
• Cyclopsetta querna 
i Synodus spp. 
group E 




1 Symphurus spp. 
i Cynoscion spp. 
i Diplectrum spp. 
i Dasyatis longus 
j Bollmania spp. 
! Porychthys spp 
1 Mustrellus danulatus 
I Cyclopsetta spp. 
Additional comments 
Our collections referred to above are bottom trawl collections and most fish and in-
vertebrate species caught are demersal. However.when the trawls were lowered to 
the sea bottom and lifted after sweeping the bottom, some pelagic fish and inverte-
brates were caught as well, which means that not all species caught can be consid-
ered as demersal. 
In the Golfo dulce area, were the fish biomass was clearly much less than in the Gol-
fo de Nicoya area, extensive shoals of very dense pelagic tuna-like fish were seen at 
the surface, representing an enormous fish biomass that was not quantified during the 
survey. 
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2. Crustacea * 
Due to the lack of appropriate identification keys and time constraints, only the 
penaeid shrimps were identified down to species level. The caridean shrimps were 
grouped to the family level. The brachyuran and anomuran crabs were pooled within 
the category "crabs" as their further identification to lower taxonomic levels was as 
yet not possible. As a preliminary step towards the data analysis, the above mentioned 
groups (penaeids as species, caridean shrimps together and brachyuran and anomuran 
crabs as another group) were used for cluster analysis and MDS as described above. 
For the further data elaboration, only the groups shrimps, stomatopods and crabs were 
used. According to (Warwick, 1988) such coarse taxonomic levels for sample 
groupings in the multivariate analysis of macrofauna might sometimes give better re-
sults than finer taxonomic resolution and might well be justified. 
1. Beamtrawl 
A total of 7053 specimens (0,1539 n/m2), weighing 20,44 kg (0,4459 g/m2), was 
collected in the three study areas. 
Table 2.5. Relative abundance (A), biomass (B) and production (P) of the groups shrimps, crabs and 




Golfo de Nicoya 
shrimps (%) 
A B  P 
35 41, 1 4 0 
53,9 39,8 43,2 








18,9 34, 2 30,4 





2.6 1. 4 
16,2 9, 3 
2.0, 3.6 3, 1 
Golfo Dulce (GD) 
A total of 2197 specimens (0,1757 n/m2) weighting 9,789 kg (0,7831 g/m2) was col-
lected in the Golfo Dulce area. When station G is excluded because of its location out-
side the gulf, only 414 individuals (0,0331 n/m2) with a biomass of 6,169 kg (0,4935 
g/m2) remain. Within the gulf, crabs represent the group of the highest number of 
individuals (0,1137 n/m2), followed by shrimps (see Table 2.5). The stomatopods 
which were found only at two sampling sites showed the lowest relative abundance 
(0,36 %) and biomass (2,63 %). The "production" values calculated show the same 
pattern. 
When comparing the sampling sites, highest relative abundance of crabs occur at 
station G (83,1 %) outside the gulf followed by station D with 10,4 %  (Table 2.6). 
The other stations remain under 5 %. The shrimps show a similar pattern, but on sta-
tion C shrimps were more abundant then on station D. Stomatopods were only found 
at station D and F in similar quantities. The distribution of relative biomass corre-
sponds to that of abundance at station G. At station D, only 2,81 % of the crab 
biomass and 2,28 % of the shrimp biomass was measured due to the occurrence of 
smaller and younger portunids and pinnotherids and the shrimp species Sicyonia sp., 
Solenocera sp. and Trachypenaeus sp. (hatchery area?). 10,46 % of all shrimp 
biomass was located at station C where a bulk of Solenocera agassizii was identified. 
Stomatopod biomass shows the same pattern as abundance. 
*a preliminary crustacean species list derived from leg 1 is given by Mauricio Castro (UNA) in appendix III 
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For production again highest values for crabs (86,56 %) and shrimps (94,82 %) were 
present at station G. Production at station D seems to be similar for crabs (4,09 %) 
and shrimps (3,51 %) due to the same relationship of biomass and abundance. A 
higher production value for shrimps was found at station C, which corresponds to the 
high biomass of Solenocera agassizii. 
Sierpe Terraba estuary (ST) 
A total of 970 specimen (0,1164 n/m2) weighing 2,967 kg (0,356 g/m2) was found 
which is similar to the per-square-metre-value for the Golfo Dulce. In contrast to the 
GD-area, shrimps contain most individuals (53,91%) but not the highest biomass 
(39.8%), which is represented by the crabs instead (41,6 %). The high crab biomass 
is explained by the presence of some big specimen of Calappa sp. Stomatopods as a 
group are only little represented (4,5 %). However, their abundance is about twice as 
high as in the GD -area and its biomass proportion was the highest of all three study 
areas (16,2 %) (Table 2.5). 
The comparison of the relative abundance at the various sample stations (along the 
depth gradient) does not reveal a clear pattern. Relative abundance of shrimps was 
highest at the stations O (100 m, 37,6 %) and P (50m, 41,98 %). N, the deepest open 
ocean station (200m) contained 9,16 % of the shrimps in this area , a similar quantity 
as the shallowest station Q (11,26 %). For further interpretation, the species structure 
must be analyzed. The values for N and Q were comparable to those of stations C 
and D within the GD area. Highest relative abundance of crabs was found at station 
N, followed by P (see Table 2.6). Q exhibits the lowest value with 3,97 %. Station O 
which lies between N and P on the depth gradient has only 12,16 % of relative 
abundance. Except for this station, an increase in the relative abundance of crabs 
along the depth gradient from the shallower to the deeper stations seems evident. 
Stomatopods occur only at station P and N with a clear preference for P (81,4 %). 
The relative biomass of shrimps differs from the relative abundance: a linear increase 
in shrimp biomass along the depth gradient is apparent with a peak at station 
P(68,36 %). At this station, Penaeus californiensis and Sicyonia disdorsalis account 
for most of the biomass. Relative crab biomass increased continuously from station 
Q to N. The stomatopod biomass is almost equally distributed between station N 
(54,36 %) and station P (45,27 %). The production values reflect the distribution 
pattern of relative biomass for shrimps and crabs. 
Golfo de Nicoya 
A total of 3886 specimens (0,1554 n/m2, which is five times as high as in GD 
excluding station G), weighting 7,68 kg (0,3072 g/m2, which is a little beyond the 
value for GD) were collected. Shrimps represent the most important group in terms 
of relative abundance (79,13 %), biomass (62,19 %) and production (66,49 %). Crabs 
contain 18,86 % of all specimen in the gulf and their biomass proportion is even 
higher (34,22 %). The lowest percentage was calculated for the stomatopods with 
2,01 % of relative abundance which is five times the GD-value and half of the ST-
value. Relative biomass was twice as high as in GD but only one third of ST (Table 
2.5). 
The highest relative abundance of shrimps occurred at station 01, closely followed by 
the deeper stations 54 and 06. A second group in the inner and nearshore part of the 
gulf can be defined within the range 6 -12 %. Lowest values were found at the inner-
most station 43 near Isla Chira, were the sea bottom continually falls dry, in Bahia 
Ballena and in the outer part of the gulf. Highest relative abundance of crabs occur at 
Table 2.6. Distribution of biomass (B), abundance (A) and production (P) at all sample sites in the three study 
areas Golfo de Nicoya (GN), Sierpe-Terraba (ST) and Golfo Dulce (GD) 




















3 5 0 
126 
236 

































































































































A f n / m 2 | rel . A (It ) 
00019 5 0 
00019 5 0 
B B  (Q/m2) 
113,36 0054 4 





m B  ru p 
5322 46 0 





P (g/m2 J 
0,0221 
00201 
re! P (%1 
52.37 
47 A3 

























'61. A  | l t ] 
9.2 
















































4 1 / 
101 
81 
























































A (n/m2 ) 
0.0038 
0.0168 
rat. A  (It ) 
1 8 / 
• M 
B B  (o/m21 
2 6 1 / 6 0.125 6 





re l B  CM  P 
5 4 / 3 103. 1 
4527 132. 5 




P (0/m2 1 
0O495 
0.0/36 

















% tota l 
mw 
s'dv 













































































































































































































ret. B  fX) 
6.79 
002 
















































































































































X tota l 
stdv 
shrimps 
A Atrvn.2 ) 
2 000002 5 
21 000025 9 
























































































rel P (X) 
12 
9 3 3 
5.3 
stomatopods 
A A  (n/m2 ) re l A  fX ) 




B B  (g/m2) 




rel. B  IX) P  P  (g/m2) re l P (X) 
1000 7 2 000006 9 100 0 
7211225 
12 
7 2 0 
" p — 









X tota l 


































I 7 3 & 





















s o n . 






































































































rel. A  (X) 














4 1 7 




































35 Scientific programme 
Bahia Herradura. The inner gulf stations and the hard-bottom-station 51 seem to form 
a group within a range of 9 to 16 %. Stomatopods were most abundant at stations 01, 
06, 30 and 43, were relative abundance attains values up to 34 %. These stations were 
located along a longitudinal transect through the gulf. Stomatopods were not found in 
waters deeper then 40 m (Table 2.6). Highest relative shrimp biomass was found at 
the deep station 54 (44,32 %) followed by the nearby station 52 (17,42 %). Between 
5 and 10 % of the biomass was found on the central stations, and less than 5% in the 
upper and lower part of the area. Highest crab biomass was found at the innermost 
station 43 near Isla Chira. Between 9 and 17 % of the crab biomass is distributed 
over the outer stations 50, 51, 52, 53 and 54, which as a group can be separated from 
the central stations which do not attain values > 7 %. The distribution of stomatopod 
biomass showed a somewhat irregular pattern. Highest values were found for the sta-
tion 06 (41,49 %) followed by stations 01, 43 and 30 which represented the central 
and inner part of the gulf. The other stations showed values below 5 %. The 
stomatopods seemed to be generally widely distributed but no correlation to 
oceanographical conditions are apparent. 
Production values for shrimps confirm the distribution pattern of biomass and 
abundance. Values were highest for shrimps at station 54 (36,39 %).  Again the 
central and eastern stations fell in the range of 6 to 14 %, while the inner stations 43, 
45, Bahia Ballena and the deeper near shore stations 50, 51, 53 in the lower part of 
the gulf contain > 5 % of the production values for shrimps. Production of crabs was 
highest at the innermost station 43 and at Bahia Herradura. The central part can be 
separated (below 5 %)  from the rest of the stations. These results are contrary to 
those for the shrimps. The values for stomatopod production show the same pattern 
as for the biomass data. 
2. Ottertrawl 
A total of 2612 specimens (0,0036 n/m2) weighing 15,21 kg (0,021 g/m2) were 
collected in the three study areas. Referring to the total catch of ottertrawl and beam-
trawl, only 0,1 to 9 % of biomass and abundance respectively are comprised by the 
otter trawl catches. Taking the beamtrawl as 100 %, the ottertrawl attained values 
between 0.3 and 3,2 % for abundance and 2.7 to 6,7 %  for biomass at the various 
sample stations. 
Comparing the shrimp catches of the ottertrawl with that of the beamtrawl in the GD, 
ST and GN areas, only 1,6 to 2.2 % of the specimens and biomass is represented by 
the ottertrawl in the first area, while 24,7 %  of the specimen and 35,5 % of the 
Table 2.7. Proportion (%)of biomass (B) and abundance(A) of crabs, stomatopods and shrimps in ottertrawl 

















































biomass in the latter. This indicates larger average sizes of shrimps in the GN area 
when compared to the GD areas. 
36 Scientific programme 
The same holds for the stomatopods. In the GD only 3.3 to 5.8 % of the specimen 
were caught by the ottertrawl. In the GN-area approximately one third of specimens 
and of the biomass was collected by the ottertrawl (see Table 2.7) 
For crabs a different picture emerges: In the GD area 3.4% of the abundant specimen 
are sampled but more than one third of the biomass. In GN 20,9 % of specimens and 
up to half of the biomass is caught by the ottertrawl. 
Multivariate analysis 
3D - MDS - plots were drawn with the Crustacean data from the station parameter 
table 1 but are not included here, as they did not show any reasonable station group-
ings. This can be attributed to the fact that the station descriptors 'species richness' 
Fig. 2.3. Crustacea. Station clusters for beamtrawl (C) catches as derived from a species/station matrix 
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and 'dominance' (used for fish) could not be calculated for the crustacean data. The 
cluster diagram for the beamtrawl collections as derived from the species-station ma-
trix is shown in Fig. 2.3. 
The beamtrawl tree-diagram shows two big cluster, the first being composed of the 
deeper GN-sand shelf -edge stations, the second of the inner and central GN-stations, 
the nearshore GD-stations and the estuarine ST-stations. 
The first cluster is subdivided into the following three groups: 1) the 3 deep GN- sta-
tions (>80m) 52,53,54 which share the shrimps species Sicyonia picta. Solenocera 
mutator, some palaemonid shrimps and some majid crabs; 2) the shelf edge station G 
outside the GD-area, the deep (200m) station N of the ST-area and station C from 
inside the GD. The position of the latter shallow station C in this group is surpris-
ing, but when looking at the species collected, it is shown that the shrimp Solenocera 
agassizii was common on all of the three stations. Siconya picta and Munida sp. are 
other species characteristic for this group. 3) the 100m- station O of the ST-area and 
the station 51 of the GN-area. Here, Sicyonia picta. Sicyonia disdorsalis. some majid 
crabs and many anomuran crabs are abundant. This species composition resembles 
that of the first group, but the biomasses of Sicyonia sp. and majid crabs is much 
lower. 
The second cluster can also be divided into three groups: the first being composed of 
the central stations of the GN-area (06,45,35 and 30), Bahia Herradura (50) and the 
nearshore ST-stations P and Q. On these stations, which according to Epifanio et..al 
(1980) are characterized by high concentrations of nutrients and strong water cur-
rents, shrimps (Sicyonia disdorsalis and Trachypenaeus sp.) are abundant as well as 
stomatopods (except for st. Q) and portunid and majid crabs. 
The second group is made of the st. 43 (innermost st. of GN), the GD inner st. D and 
E and the st. F. The grouping of the latter station is difficult to understand as neither 
its oceanographical characteristics nor its species composition resembles much that 
of the other stations of the group. The other stations of this group are all strongly in-
fluenced by riverine water and had high abundances of the shrimps Sicyonia dise-
wardsii (GD) and Trachypeneus sp. St. 43 had -compared to the other stations-, a 
very high biomass of crabs. 
The third group is made of the GN station 01 (central part), the shallowest GD sta-
tion H and the st. in Bahia Ballena (GN). The interpretation of this group is difficult 
until the species are identified. Only in this station group occurred the shrimp Trach-
ypeneus faoe. but also the widely distributed Sicyonia disdorsalis. 
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3. Infaunal communities (R. Cordoba & J. Vargas) 
Intoduction and objectives 
Benthic research in the Gulf of Nicoya has focused primarily on the description of 
structural aspects of communities (variation in space and time of the number of inivi-
duals and species). Some findings from previous subtidal research are: a total of 56000 
individuals belonging to 98 species was collected in trawl samples from 17 stations. 
Decapod crustaceans were the dominant taxon, with 54 species (Maurer et al., 1984). 
Smith-Mclntyre grab samples taken at 42 stations yielded 4684 individuals annd 205 
species of macrofauna, of which polychaete worms were represented by 120 species, 
followed by crustaceans (46 spp.), and molluscs (22 spp.). Maximum density was 
8744 individuals per meter square, and maximum diversity (IT) was 3.09, which was 
not as high as expected for a tropical estuary (Maurer & Vargas, 1984). Recent efforts 
have focused in intertidal mud flats, and in taxonomic studies, particularly on relative-
ly small groups such as cumaceans, brachiopods, and sipunculans (Vargas, 1994). The 
Gulf of Nicoya is also an estuary under fast coastal zone development. Thus, the need 
to conduct a detailed evaluation of the benthic communities, to serve as a comparison 
with that conucted in 1979-1980 (Maurer & Vargas, 1984), increased in importace 
over the years, and was included in the FS Victor Hensen cruises. 
In marked contrast with the information available for the benthic communities in Gulf 
of Nicoya, there is only a published report on the subtidal benthos of Golfo Dulce. 
This study, conducted by Nichols-Driscoll (1976), clearly established that below 100 
meters, sediments were azoic. The fauna of shallower waters was dominated by the 
polychaete Paraonis lyra. The total number of species collected with a Van Veen grab 
was closed to 75. This grab produces a shock wave and operates poorly in hard sedi-
ments. These facts might have influenced the low number of species found. Thus, the 
opportunity to use a box-corer, which collects relatively undisturbed samples in all 
kinds of sediments, was regarded as unique to conduct a detailed evaluation of the 
Golfo Dulce benthic community, and to compare the results with Nichols-Driscoll 
(1976) survey. 
Mangrove ecosystems are a key component of the coastal vegetation in both the Gulf 
of Nicoya and Golfo Dulce. However, the most extense mangroves are located on the 
Sierpe-Terraba region. Thus, it was considered appropriate to evaluate the compositon 
and distribution of benthic communities along an offshore transect originated at the 
mouth of the Terraba river, perpendicular to the coast, and passing north of Cano Is-
land, also a place of bilogical interest due to the existence of fringing coral reefs. No 
previous information is available on the nature of the benthic communities of the Sier-
pe Terraba transect, except for a basic description of meiofauna near Cano Island. 
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Table 3.1. Box-corer sampling for macrofauna in the Gulf of Nicoya (GN), Golfo Dulce (GD) and the 
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Material and methods 
The present study was executed during the dry season (December, January, February) 
of 1993 and 1994. The study focused on the collection of sediment samples in three 
different environments on the Pacific coast of Costa Rica: the Gulf of Nicoya estuary, 
the Sierpe-Terraba offshore transect, and the Golfo Dulce anoxic basin. 
The first cruise was conducted in the Gulf of Nicoya, and comprised a total of fourteen 
stations. The second set of samples was collected along a transet perpendicular to the 
Sierpe-Terraba forest reserve in the Osa Peninsula, and comprised nine stations. The 
third set of samples was collected in Golfo Dulce, and comprised eleven stations (Ta-
ble 3.1). 
Samples were collected using a 50cm x 50cm x 50cm box-corer operated with the 
ship's crane. Whenever possible, three box-corers were take at each station and a mi-
nimum of five subsamples collected from each one. Once on board, the box-corer was 
opened and subsamples taken with a plastic cylinder of 17,7cm2 to a depth of 15cm in-
to the sediment, in order to facilitate comparisons with previous benthic sampling in 
the region (Vargas, 1988). 
Samples were stored in sealable polyester bags, preserved with 10% buffered formalin 
in sea water stained with Rose Bengal. Sediment samples, for granulometric characte-
ristics and organic matter content were also collected with the plastic cylinder and kept 
frozen until analyses. 
In the gulf of Nicoya the stations were deployed, in waters shallower than 60m, based 
on Maurer and Vargas (1984) sampling scheme. Additional stations were deployed at 
depths greater than 60m. 
For the Golfo Dulce embayment the stations were deployed based mainly on Nichols-
Driscoll (1976) scheme. 
In the Sierpe-Terraba region, a transet was chosen as described above, and running 
from 20 to 1150m depth. 
The location of sampling stations are included in Figure 1. the station code data of 
sampling depth, and number of subsamples taken are included in Table 1. 
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4. Zooplankton (B. Hossfeld, H. Molina, & A. Morales) 
Introduction 
Among the biological components of aquatic ecosystems, the planktonic comunities 
play a major role in the cycling of biological matter. The term "Plankton" refers to an 
assemblage of organisms which are drifters rather than powerful swimmers; their ho-
rizontal distribution is determined by currents, not by their own swimming. The zoo-
plankton represents the animal component of the plankton. It inhabits all layers of the 
ocean down to the greatest depth ever sampled (Vinogradov, 1970). 
As a link between the lower (phytoplankton) and higher production levels (fish) the 
zooplankton fulfills a very important role within the trophic dynamics of the ocean 
(Vidal, 1980). Zooplankton is made up of many different taxa of at least two king-
doms: Protista and Animalia. The best known and most abundant group is represent-
ed by the crustaceans, mostly copepods. However, every major invertebrate phylum 
is represented, either as holoplanktonic animals (which spend their entire life cycle in 
the plankton) or the early stages of organisms that are benthic or pelagic as adults 
(most fish and invertebrates). The total amount (abundance and weight) of zooplank-
ton may have drastic variations over seasonal and geographical scales and these fluc-
tuations may have a great effect on the secondary production and trophic dynamics 
(Raymont, 1983). In order to understand such dynamics, knowledge about the species 
composition and population structure of the zooplankton is required. 
On the Pacific coast of Costa Rica, the Gulf of Nicoya and the Golfo Dulce are shel-
tered, low-energy, depositional estuarine environments of similar size, orientation 
and geographical outline. Whereas numerous studies have been carried out in the 
Gulf of Nicoya on its oceanography (Voorhis et. al., 1983), nutrients (Epifanio et. 
al., 1982), benthos (Maurer et al., 1984; de la Cruz & Vargas, 1987; Vargas, 1987, 
1988) and fish (Price et al., 1980; Bartels et. al., 1983,1984), the coastal plankton has 
as yet received only little attention. Scattered reports are available on the phytoplank-
ton distribution (Hargrave & Viquez, 1985), as well as on local phenomena of red ti-
des (Hargrave & Viquez, 1981) and their impact on the distribution of dissolved oxy-
gen in the bay (Gocke et al., 1990). In addition, studies about the copepods and chae-
tognaths composition in the Costa Rica Dome (Suarez & Gasca, 1989; Segura et al., 
1992; Gasca & Suarez, 1992) and the zooplankton seasonality around Cano Island 
(Guzman & Obando, 1988) have been published. 
Meroplankton has been studied as well. Epifanio & Dittel (1984) reported differences 
in the dominance of brachyuran larvae in the inner and outer parts of the Gulf. Taxo-
nomy, distribution, abundance and composition of ichthyoplankton within the Gulf of 
Nicoya have been referred to in several studies (Lopez & Arias, 1987; Ramirez et 
al., 1989,1990), as well as in open waters off the Nicoya Peninsula (Rojas et al., 
1991). 
No studies on the holozooplankton have been published to date. However, Morales 
& Vargas (in press) provide a list of the copepods of the Gulf of Nicoya with notes 
about the distribution of the species within the eastern Pacific. 
The publication record for the Golfo Dulce is by far worse; the only oceanographic 
account dates back to Richards et al., (1971). Cortes (1992) reports the situation of 
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the coral reefs and recently Hartmann (in press) gives a complete review of the Golfo 
Dulce marine environment. Morales & Vargas (in prep.) discuss the copepod com-
position within the bay and give some notes on the its distribution in the eastern Pa-
cific. 
In this report we present preliminary data about the zooplankton composition in the 
areas of Gulf of Nicoya, Sierpe-Terraba and Golfo Dulce. In addition we give data on 
the zooplankton wet volume for different size fractions of the plankton. 
Objectives 
The objectives of the plankton survey were twofold: 1) to determine the abundance 
and biomass of the plankton groups (a) Copepods (200|j,-fraction) , (b) Chae-
tognaths (300fj,-fraction) and (c) Ichthyoplankton (500|J. and 1000|Li-fractions) in the 
three study areas Golfo de Nicoya, Sierpe-Terraba and Golfo Dulce along a depth 
gradient from shallow (20m) to deeper offshore (200m) waters; 2) to describe and 
compare the plankton communities in the study areas in relation to oceanographical 
conditions and water depth. 
Material and methods 
Zooplankton surveys were conducted during leg 1 (December 2-9, 1993) and leg 4 
(February 2-9, 1994) along the Pacific coast of Costa Rica. Each leg included the 
three study sites: Gulf of Nicoya, Sierpe-Terraba and Golfo Dulce (Table 4.1, Fig. 
4.1). 
The station locations followed previous studies of Voorhis et al. (1983) for the Gulf 
of Nicoya, and Richards et al. (1971) for Golfo Dulce. No previous plankton studies 
had been done in the Sierpe-Terraba region. Here, a 4-station transect was set per-
pendicular to the coast (see Fig.4.1). 
At each station, 2 bongo (60 cm net opening, 250 cm net length) hauls were perfor-
med with a pair of nets; one set was done with 300|J. and 200 JLX nets (for copepod and 
chaetognath samples respectively) and the other with 500|i and lOOOp- nets for ich-
thyoplankton of different size ranges. A "Hydrobios" flowmeter was attached to the 
mouth of each net. 
Oblique hauls were done from the surface to the ground at a towing speed of approx. 
1.5 knots. Towing time varied between 5 and 10 min, depending on the water depth. 
The towing depth (and the required length of wire) was determined by a clinometer. 
After each haul, the plankton net was washed with seawater to concentrate the 
plankton into the bucket at the cod end of the net. Thereafter, the plankton was was-
hed with seawater out of the bucket into a strainer before it was transferred into a 1 -1 
kautex bottle. 
For fixation, 100ml of comercial formaldehyde (40%), buffered with borax (2g at 98 
ml formaldehyde), was added to the 3/4 filled Kautex bottle, which was then filled to 
the top with sea water to arrive at a concentration of 4% formaline. 
After three months, the samples were transferred into a preservation solution descri-
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Fig. 4.1. Plankton stations during the Victor Hensen survey (for details see Table 4.1) 
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Table 4.1. Description of plankton stations during the Victor Hensen survey 
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bedinSteedman(1970). 
The wet volume of the plankton samples was determined in 1000-ml sedimentation 
funnels. 
Copepods and ichthyoplankton samples are still further processed at CIMAR, UCR, 
and the Chaetognaths at the ZMT /Bremen 
Preliminary results and discussion 
4.1. Chaetognath s (size fraction 300fi) 
Gulf of Nicoya 
During the December survey (leg 1), chaetognath number and plankton volume were 
higher at the stations of the inner gulf (6,30,35,1,45) than outside the gulf 
(51,52,54,53 (see Fig. 4.2 ). The highest numbers and biomasses were found at sta-
tions 35 and 1 (up to 250 ind/m3). At the innermost station 45 (6m) only about 20% 
of the chaetognath number of st.35 was found, although plankton volumes were si-
milar. In February (leg 4), the plankton volume at the outer stations was much higher 
than in December and exceeds that of the inner gulf stations. This can be attributed to 
the large numbers of salps and medusae found. Chaetognath number at the outer gulf 
stations did, however, not differ significantly from that in December. Towards the in-
ner gulf, chaetognaths increase in numbers, a maximum of 308 ind/m3 (the highest 
number of all stations in all areas) was found at station 46. 
Sierpe -Terraba 
Plankton volume was much smaller in December than in February. At the offshore 
st. l(200m) plankton volume was lowest (0.37ml/m3 in December and 0.65 ml/ m3 in 
February). Towards the coast, plankton volume increases with highest values at st. 3 
(0.69ml / m3 in December and 3.45 ml/m3 in February). The number of chaetognaths 
varies from 11 to 19 (ind/m3) with no significant differences between the 4 stations. 
An Exception is st. 4 in February, when a high number of chaetognaths was found. 
Gofo Dulce 
During December, plankton volume was < 0.5ml/m3 at all, except station 11. Intere-
stingly, at st. 9 and 8 near Rincon Bay plankton volume was low but numbers of 
chaetognaths were high (63 and 50 ind/m3 respectively). The chaetognaths are very 
small and seem to differ from those found at the st. 12 and 11 (which are much big-
ger (probably Sagitta enflata).At the deep anoxic station 3, very low numbers of 
Chaetognaths were found (<1 ind./m3), but the plankton volume is higher than at st. 9 
and 8). In February, the amount of plankton in the inner gulf is much higher than in 
December. Again, at the deep stations of the gulf (3,1,R-E02), chaetognaths appear 
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in very low quantities (1-8 ind./m3). At the stations of Rincon Bay (R-EOl; 8) chae-
tognaths are more abundant (around 80/m3). 
It can be summerized from the foregoing that high chaetognath numbers (>100/m3) 
were found in shallow coastal waters, with highest numbers of 248 and 308/m3. At 
the oceanic stations, chaetognaths appear at lower concentrations with numbers 
around 40 ind./m3. 
Further analysis to follow 
Wet weight will be determined for the plankton samples and for the sorted chae-
tognaths of each subsample to get information about the zooplankton biomass and 
the chaetognath proportion of it. After finishing the identification of species, dry 
weight will also be determined. In addition, the abundance and distributiuon of chae-
tognaths in the three research areas will be presented in a map. The maturity stage 
will be determined for the different species and will be related to body length. 
4.2. Ichthyoplankton (size fraction 500|i and 1000(i) 
Gulf of Nicoya 
The central and inner waters of the gulf (St. GN 035, GN 004, GN 045) contained 
great amounts of organic matter. The abundance of zoeas, megalopas, small shrimps, 
hydromedusae, as well as ichthyoplankton of the families Engraulidae, Sciaenidae 
and Gobiidae, suggests that this particular area is more influenced by estuarine wa-
ters. However, at St. GN 035 big amphipods were also found, wich may indicate the 
presence of oceanic waters as well. 
The outer stations (GN 051, GN 052 and GN 053), were characterized by several 
species of amphipods (including Phronima). as well as fish larvae of a great variety 
of groups: Anguillifrom leptocephali (Ophichthidae and other families), Carangidae, 
flatfish larvae (Symphurus and species of other families, Trichiuridae, Bregmaceroti-
dae (Bregmaceros batymaster). Gobiscocidae, Sphaeroides, and other groups not 
identified yet. 
Sierpe- Terraba Region 
The larval fish of the open waters of this area were typical oceanic forms. In these 
samples, the great abundance of Anguilliform leptocephali and Trichiurid larvae was 
the most common feature. 
Golfo dulce 
Concerning the ichthyoplankton assemblage, many of the Golfo Dulce stations anali-
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Fig. 4.1 Settling volume of zooplankton and number of chaetognaths in Golfo de Nicoya, Sierpe-Terraba and Golfo dulce (see station map ) in December (left) and February (right) 
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Table 4.2. Zooplankton data from Gulf of Nicoya, Sierpe-Terraba and Golfo Dulce in December (above) and 
February (below). (The second column contains the number of revolutions read from the flow meter; values 
are expressed as (1) totals per sample (col. 4 and 6) and (2) per filtered m3 of water (col. 5 and 7) 
GULF OF NICOVA 2.12.9 3 - 5.12.93 
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GOLFO DULCE 7.12.93 -8.12.93 
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zed showed similarities with the Sierpe -Terraba samples, particularly related to the 
abundance of anguilliform leptocephali and Trichuridae. Surprin singly, Scorpaenid 
larvae were found at the inner station GD 007, although most species of this family 
are known from rocky coasts and coral reef areas, not given at this sampling site. 
4.3. Copepods (size fraction 201|X) 
Golfo de Nicoya 
During December, a typical oceanic zooplankton was found in the outer part of the 
Gulf. At Stations 51,52 and 54, large copepods, mostly calanoids (e.g. Centropages 
furcatus. Eucalanus monachus and Labidocera lubbockii) were common. Other typi-
cal oceanic genera, such as the poecilomastoid Oncaea and the cyclopoid Oitona, we-
re also present as were Cirripedian larvae and Pteropods, probably Clione sp.. 
At the inner Gulf stations (6,30,35,01 and 45), a more estuarine zooplankton was 
found. Here, zoea-larvae, cladocera and peneid larvae, as well as copepods (e.g. cala-
noid Acartia lillinborgii and the cyclopoid Hemicyclops thalassius were found. 
In February, the zooplankton of Ballena bay was dominated by species of the genera 
Oitona. Oncaea. Calocalanus and Corycaeus. all small, oceanic copepods. Centropa-
ges furcatus. Eucalanus monachus. Macrosetella graciles (usually found in both coa-
stal and oceanic waters), as well as Temoras discaudata and Euterpina acutifrons 
(estuarine species) were common, as were decapod larvae (typically estuarine) and 
the pteropod Clione sp. (mostly oceanic). Less common were Clausocalanus sp. (a 
transitional genus) and Euchaetas sp. 
The species composition of this plankton assemblage suggests a certain degree of 
mixture of oceanic with estuarine waters of the gulf. At the outer stations (e.g. 51 and 
52) many salps (probably a single species), usually ocurring in oceanic waters, were 
present, as was a considerable amount of organic debris, which was absent in Decem-
ber. In February, specimens of the big Eucalanus elongatus and E. attenuatus (typical 
species of equatorial deep water) were collected for the first time. The genus Copilia 
(typically tropical oceanic) was found at St. 52. At St. 54, other oceanic genera such 
as Oithona (probably O. plumifera). Clausocalanus. Calocalanus and Corycaeus were 
found. A very interesting finding was on specimen of Plueromamma gracilis, which 
is a strong migrant of oceanic waters. At the inner stations (GN-046 and GN 026), 
the zooplankton was dominated by Hemycicplos thalassius and Acartia lillinborgi. 
both species characteristic for estuarine waters. Other species found were Paracala-
nus parvus and Pseudodiaptomus wrighthi. 
Sierpe-Terraba 
In December, the composition of the holoplankton species showed a strong gradient 
with the distance from the coast. The samples of the stations located furthest offshore 
(ST 001 and ST 002) showed a typical oceanic species composition. Some foraminif-
era were found, as well typical oceanic genera of copepods, such as Heterorhabdus 
and Lucicutia. strong migrants of the oceanic environment. Other groups like Cteno-
phores, appendicularians, pteropods and hydromedusae were observed too. St. ST 
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003 showed a transitional situation, since specimens of the genera Clausocalanus and 
Euchaeta were collected. At St. ST 004 (closest to the shore) a typical neritic plank-
ton composition was found, with many small copepods, especially Paracalanus par-
vus. 
The February samples showed the same pattern. However, many salps (other species 
than that found in Ballena Bay) were collected. The genus Haloptilus. a typicasl oce-
anic calanoid copedod was found only during this leg. Eucalanus elongatus was quite 
common, while the genus Saphirina. a typical tropical poecilostomatoid, was seldom 
found. 
Golfo Dulce 
During December an oceanic plankton composition was found at the outer stations of 
the gulf (GD Oil and GD 012) revealed by copepods like Oncaea and Corycaeus 
and by big copepods. Some of the inner stations (GD 003, GD 001 and GD 008) we-
re dominated by ostracods of at least 3 different species. At St. GD 007 and GD 009 
the plankton, was dominated by small calanoids. 
During February a different situation was found: At St. GD 011 and GD 012, many 
organic aggregates were common in the samples, as well as many salps, pteropods 
and the copepods Eucalanus elongatus and Oithona (plumifera?). At Rincon Bay (St. 
GD 008), the same situation as in December was present: the zooplankton was domi-
nated by ostracods and low amounts of a few species of copepods. Small ctenopho-
res were very common, too. 
A species list of the copepods found during the cruise is given in Appendix V. (p. 108) 
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Leg.2: Microbiological investigations 
Chief scientists: Dr. B. Thamdrup (MPI, Bremen) 
i. Microbial ecology, water and sediment chemistry of 
Golfo Dulce (B. Thamdrup) 
Introduction 
The second leg of the Costa Rica expedition focused entirely on the bay Golfo Dulce. 
Golfo Dulce is an embayment on the Pacific coast of Costa Rica, approx. 20 wide and 
50 km long. A sill at 60 m depth is present at the mouth, behind which depth increases 
steeply to about 200 m. The bay receives water from a number of smaller rivers some 
of which carry large amounts of particulate matter much of which probably originates 
from deforestation-related soil erosion. Mangroves along the coast are a major source 
of organic material in the sediments of the bay. 
In the only report on the water chemistry of the bay (F.A. Richards, J.J. Anderson and 
J.D. Cline Limnol. Oceanogr. 16:43-50 (1971)), low oxygen levels (<10 (iM) were re-
ported at 100 m depth though oxygen did not disappear completely until 150 m depth. 
In the anoxic water column, hydrogen sulfide concentrations up to approx. 5 fiM were 
found. Nitrate, which appeared to enter the bay with upwelling water spilling over the 
sill, was up to 25 [J.M about 50 m depth but did not penetrate deeper than did oxygen. 
The studies undertaken during the second leg concerned the microbial ecology of the 
bay. Of particular interest was how the bacterial degradation of organic matter was 
regulated by the special geochemical environment and how, in turn, the microbially 
catalyzed processes affected the geochemistry of the system. Two main features were 
of interest for the research: i) The redox zonation in the water-column and ii) the sedi-
ments in the deep, expectedly anoxic part of the basin. A chemocline in the water col-
umn permits the study of the microbial ecology of an oxic-anoxic interface over a 
much larger - and therefore more easily resolved - depth interval than that found in 
sediments. The clastic fraction is smaller than in sediments and therefore obscures the 
bacteria less. The high temperature and organic loading expected in Golfo Dulce could 
stimulate microbial processes beyond those of temperate regions. 
The investigation of the water-column put emphasis on the sulfur cycle. It included 
- the depth distribution and speciation of sulfate-reducing bacteria studied with 
both molecular biological and microbiological techniques, 
- the rate of bacterial sulfate reduction, 
- the depth distribution and speciation of sulfide-oxidizing bacteria, 
- the depth distribution of sulfur compounds of intermediate oxidation state, 
- rates of oxygen consumption and denitrification, 
- the depth distribution of inorganic nitrogen species, manganese and iron. 
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The sediment studies concerned the influence of bottom water oxygen concentrations 
on microbial processes in the sediment. Such effects may either be direct or act 
through the elimination of fauna (micro- to macro) at low oxygen levels. The condi-
tions in Golfo Dulce allow the comparison of sediments under different oxygen levels 
but with expectedly similar high inputs of organic matter. 
The investigations encompassed 
- the chemical zonation in the sediments including measurements with oxygen, 
sulfide and pH microelectrodes, 
- the distribution of sulfur compounds of intermediate oxidation state, 
- total rates of organic matter mineralization as measured by oxygen uptake and 
production of ECO2 and NH4+, 
- the relative importance of oxic respiration, denitrification, manganese 
reduction, iron reduction, and sulfate reduction in mineralization, 
- the rate of burial of organic carbon, 
- the microbiology of sulfate-reducing and sulfur-oxidizing bacteria. 
At the moment an estimated 75% of the planned analyses have been performed, and 
work is continuing in the laboratory. The experiments are summarized below and the 
main results obtained so far are presented. 
Material and methods 
Scientific party 
The following scientists contributed to the investigations summarized below: 
Donald E. Canfield 
Timothy G. Ferdelmann 
Ronnie N. Glud 





Stations and sampling 
A total of 13 stations were visited (Fig. 1, Table 1). The investigations conducted at 
the stations may be divided into three parts: 
- A general survey of the bay with CTD measurements and general water-
column chemistry. 
- Detailed biogeochemical studies of the water-column. 
- Biogeochemical and microbiological sediment studies. 
For the different parts a subgroup of stations was selected as listed below: 
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Fig. 1: Map of Golfo Dulce with sampling locations. 
Stations 1,2,3,9,11,12 and 89 
were identical to those visited 
during Leg 1. In addition to the 
listed stations, samples for mi-
crobiological studies were taken 
from the mangroves around riv-
ers Rincon and Esquinas. 
Water samples were obtained 
from 5 1 Niskin and Go-Flo bot-
tles. The latter was preferred for 
depths with low O2 concentra-
tions as it could be pressurized 
with N2 during emptying to 
avoid contamination with atmos-
pheric O2. The bottles were held 
at the sampling depth for 3 min. 
before closing. Sediment was 
subsampled from 50x50 cm box 
cores that were only accepted 




Water temperature and salinity were measured by CTD. The water-column was ana-
lysed for O2, NO3", NlLi+, and XCO2. At stations 1-3 samples for Mn2+, Fe2+, particu-
late Mn and Fe, H2S and pH were also taken, and at GDI further samples were taken 
for S°, S2O32", SO32", and urea. The scalar irradiance was measured with a spherical 
quantum sensor. 
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Water-column microbiology: 
At GDI, water samples were examined with phase contrast microscopy. Most-prob-
able-number viable counts of sulfate-reducing and sulfide-oxidizing bacteria were per-
formed, and cultures of the types of bacteria were established. For molecular ecolog-
ical studies, bacteria were collected by filtering and frozen. These samples were used 
for analysis of DNA and RNA and for hybridization with fluorescent rRNA probes. 
Processes in the water-column: 
Rates of oxygen consumption were determined by dark incubation in Winkler-bottles 
at in situ temperature, denitrification rates were measured with the isotope-pairing 
technique, and sulfate reduction rates were quantified by addition of 35S042\ 
Benthic fluxes: 
Fluxes of O2, ZCO2, NH4 , NO3", urea, Mn2+, and Fe2+ across the sediment-water in-
terface were determined in sediment cores incubated in bottom water at in situ temper-
ature and, initially, at in situ O2 concentration. 
Pore water chemistry: 
Microdistributions of O2 and pH in the surface sediment were measured with micro-
electrodes in the sediment cores used for flux measurements. Concentrations of XCO2, 
NH4+, NO3', Mn2+, Fe2+, S042", H2S, S2032-, and SO32- were determined after anoxic 
sectioning and centrifugation of the sediment, and filtering of the pore water. The dis-
tributions of XCO2, NH4 , and NO3" near the sediment surface were further studied by 
whole-c ore- squeezing. 
Solid phases: 
Contents of Corg, total N and total S were determined on a CNS analyzer. FeS, FeS2, 
and S° were determined by sulfide distillation with acid and Cr2+ and by sulfur extrac-
tion with methanol. Reactive iron and manganese were quantified with HC1, dithion-
ite, oxalate, and Ferrozine extractions. 
Processes in the sediment: 
Rates of denitrification were determined with the isotope-pairing technique. Sulfate re-
duction rates were determined by whole-core injection with 35SC»42-. Rates of XCO2, 
NH4 , Fe2 , and Mn2 liberation were determined by incubation of sediment at in situ 
temperature in gas-tight plastic bags. 
Sediment microbiology: 
Sulfate-reducing and sulfide-oxidizing bacteria were enumerated by the MPN tech-
nique, and anaerobic enrichment cultures of bacteria were established. 
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Results (stat e July 1994 ) 
Fig. 2: Temperature measured by CTD on a transect along the 
middle of Golfo Dulce (stations 12, 1 la, 11, 89, 3a, 3, 2a, 2, 
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Salinity measured on the same transect as Fig. 1 . 
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Figure 4: S( calculated from the data in Fig. 1 and 2. 
The water-column: 
The CTD measurements (Fig. 2-
4) showed a strong thermocline 
centered around 40 m depth at all 
stations as the major contributor 
to the pycnocline. The oxygen 
concentration decreased sharply 
through the pycnocline (Fig. 5). 
Inside the bay, oxygen disap-
peared at 80-100 m depth, the 
depth decreasing slightly towards 
the head, while concentrations 
outside were still >10% of air sat-
uration at 200 m depth. Nitrate 
was not detected at the surface but 
reached maximum concentrations 
around 10u.M just below the pyc-
nocline (Fig. 6). The concentra-
tion decreased towards the bottom 
of the basin and NO3" was not de-
tected at 200 m depth. Ammonia 
and dissolved Fe2+ were not de-
tected in the water-column, but 
Mn2+ was present at appreciable 
concentrations near the bottom 
decreasing up through the anoxic 
zone and disappearing as oxygen 
appeared (Fig. 5 and 6). A small 
peak in particulate Mn was seen 
at the oxic-anoxic interface. Hy-
drogen sulfide was only barely 
detectable at 0.7 fiM within 5 m 
of the bottom at GDI. A small 
maximum of 0.3 |iM suspended 
S° was observed 7 m above the 
bottom, while SO32- and S2O32" 
were not detected. 
High rates of oxic respiration 
were measured above the pycno-
cline (Fig. 7). Data on other pro-
cesses in the water-column are not 
yet available. The scalar irradi-
ance of light decreased below \%c 
of the surface value between 50 
and 60 m depth. High numbers of 
both phytoplankton and bacteria 
were observed in the surface wa-
ter. The numbers decreased with 
depth and dropped dramatically 
below 40 m. Near the bottom at 
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Fig. 5: Oxygen measured by Winkler titration along the same 
transect as in the preceding figures. Stations and depths of 
sampling are marked by dots. 
200m depth the bacterial number 
increased again, approaching the 
density of the surface water. Sul-
fur granule-containing cells char-
acterized the near-bottom popula-
tion. Enumerations of sulfate-re-
ducing bacteria showed their 
presence in the surface water and 
just above the sediment while 
none were found in the middle of 
the water column. GDI60 was 
distinguished by large number of 
filamentous sulfur bacteria, ex-
pectedly Beggiatoa,  that were 
observed at the sediment surface 
and suspended just above it in the 
retrieved box cores. The filaments 
were about 5 mm long. 
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Fig. 6: Nitrate, dissolved manganese, and particulate manganese at three stations in the Golfo Dulce basin. 
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Fig. 7: Rates of oxic respiration at GDI. 
Sediments: 
The sediments at GD9 and GD30 were fine 
grained but contained much shell debris and 
some pebbles. The surface was light brown 
and there was some blackening with depth. 
At GDI60 and GDI well-sorted very fine-
grained sediment was covered by a brown-
black fluff-layer of up to 4 cm thickness. Just 
below this layer, a thin black horizon was 
seen. The sediment at GDI60 was laminated 
below this with centimeter-thick layers in 
different shades of light and blackish brown 
and a particularly distinct pink layer at 17 cm 
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depth. At GDI, a second black layer could be discerned about 15 cm depth in the oth-
erwise light brown sediment. The input of terrestrial plant debris was evident at all sta-
tions as pieces of coco nuts, wood and large leaves were found both at the surface and 
deeper in the cores. 
Table 3. Thiosulfate and hydrogen sulfide 
concentrations in pore water, MM. 
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Table 5 ZCO2 production, NH4"t production, and SO42" reduction rates in anaerobically incubated, 










































































































At GD9 and GD30 with oxic bottom water, oxygen penetrated only few mm into the 
sediment. Nitrate concentrations have not yet been calculated, but based on the low 
concentrations in the water-column, nitrate is expected to be of minor significance in 
the sediment. Below the oxic surface a broad suboxic zone was found with Mn2+ and 
Fe2+ but no H2S in the pore water (Table 2). The distribution of Mn2+ and Fe2+ sug-
gested that manganese reduction occurred in the upper 0.5 cm of the sediment and iron 
reduction immediately below this. Ammonia concentrations increased by 100 |iM over 
the upper 10 cm and XCO2 increases were similarly small. 
Also the sediments at GDI60 and GDI had broad suboxic zones with high concentra-
tions of Mn2+ and Fe2+ (Table 2). GDI had very steep gradients of XCO2 and NHLf1" 
towards the surface. Hydrogen sulfide was only detected at GDI where a maximum 
concentration of 2 \iM was observed at the surface (Table 3). Thiosulfate was detecta-
ble at all depths in the sediments with concentration ranging from 2 to 60 |iM. At GD9 
and GDI surface peaks of ca. 25 |J.M were observed, while at GDI60 the concentra-
tion increased to 60 |J,M at 10 cm depth. 
The oxygen uptake was 7.9 ± 2.4 mmol nr2 d"1 at GD9 and 13.8 ± 3.5 mmol nr2 d 1 at 
GD30. Other benthic fluxes have not been calculated yet. Sulfate reduction rates 
measured in intact cores are given in Table 4 and rates of sulfate reduction and of CO2 
and NH4 production in the incubations in gas-tight plastic bags are in Table 5 . The 
contribution of carbonate dissolution to XCO2 production has not yet been evaluated. 
Comparison of SRR to either oxygen uptake or to XCO2 production shows that sulfate 
reduction was a dominating pathway of mineralization in the sediments. 
Discussion 
The general water-column chemistry observed during Leg 2 agrees largely with the 
findings of Richards and coworkers in 1967. They also found a sharp decrease but no 
disappearance of O2 across the pycnocline. Based on - among other evidence - an in-
crease in O2 under the pycnocline towards the mouth of the bay over the week of the 
study, Richards et al. suggest that spills of oxygenated water over the sill occur at in-
tervals and are related to rising of the pycnocline outside the bay. The introduced wa-
ter is compensated by an outflow of surface water and by upwelling of bottom water at 
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the head of the bay. The frequency of such introductions is not known but could be 
seasonal related to upwelling outside the bay during winter. 
There is evidence that such a flushing of the basin preceded the 1994 cruise, as Dr. Jo-
se A. Vargas (pers. comm.) found O2 all the way to the bottom near GDI during a visit 
in October 1993. It is therefore most likely that the chemical zonations found in the 
bay do not represent a situation at steady state but oscillate at an unknown frequency. 
In the previous study, the oxic-anoxic interface was situated around 140 m depth and 
roughly coincided with the deepest detectable NO3". Below this depth, > lu,M H2S 
was present. We found the anoxic, sulfide-free but NO3 containing zone near the bot-
tom. This situation presumably represents an earlier stage in the succession after a ma-
jor flushing of the basin than the observations from 1967. 
In the absence of a marked O2/H2S transition in the water-column and assuming that 
anoxic conditions only developed recently, it is not surprising that numbers of sulfate 
reducing and sulfide oxidizing bacteria are low at most depths. The microbiological 
studies did, however, produce some interesting results. First, the occurrence of sulfate 
reducing bacteria in the surface waters raises the question whether these are active or 
just transported there from sediments or with suspended matter from the rivers. Sulfate 
reduction under aerobic conditions has only recently been described and organisms that 
perform this are not well known. The oxygen sensitivity of the enriched organisms has 
not yet been studied. 
A second interesting phenomenon was the occurrence of sulfide-oxidizing bacteria at 
or near the bottom under anoxic conditions. Bacteria that oxidize H2S with NO3 are 
known, but this metabolism has not been described for many of the morphotypes ob-
served. Also the finding of large numbers of Beggiatoa  at GD160 in the absence of 
both O2 and H2S indicates that bacteria with novel metabolic pathways may be found 
in the bay. 
The sediments at GD9 and GD30 are quite similar to many temperate coastal sedi-
ments with respect to both pore water chemistry and flux and mineralization rates. The 
ratios of XCO2 to NH4 production were quite high at all stations, which could be re-
lated to the importance of terrestrial organic matter with high C/N ratios as a substrate. 
Comparison of XCO2 production and sulfate reduction rates at these sites also indicates 
that dissimilatory Mn and Fe reduction may contribute to the mineralization of organic 
matter. 
Given the observed rates of sulfate reduction it was surprising that H2S was also large-
ly absent in all the sediments within the depth intervals studied. The pore water data 
suggest that iron and manganese phases are important scavengers of the H2S produced. 
Based on both direct observation and the pore water distributions of XCO2 and NH4 , 
the sediments at GD9 and GD30 appeared heavily bioturbated. The flushing of pore 
spaces and downward transport of Mn and Fe oxides may explain the absence of H2S 
here. The sediments at GDI60 and GDI, on the other hand, were clearly free of zoo-
benthos and the best explanation for the low H2S levels observed here seems to be a 
rapid sedimentation rate and a high content of Mn and Fe oxides in the settling matter. 
The sulfur chemistry at these sites is further distinguished by thiosulfate levels con-
siderably above those usually found in sulfide-free sediments. This could be related to 
the efficient removal of H2S. Data to explain these observations have yet to be thor-
oughly analysed. 
The sediment surfaces at GD9 and GD30 were within the pycnocline and therefore ex-
perience large variations in O2 concentration as the pycnocline moves up and down. As 
the oxygen uptake of sediments is dependent on the O2 concentration in the over-lying 
water, the apparent seasonal oscillations in the water-column will directly affect this 
process and, thereby, the reoxidation of reduced metabolites produced in the sediment. 
Also the health of the infauna may be affected, and resulting changes in the bioturba-
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tion intensity will further influence the elemental cycles in the sediment. For a further 
prediction of how the processes studied here may vary seasonally, an understanding of 
the seasonal variations in the hydrography of Golfo Dulce would be valuable. 
Golfo Dulce is quite different from the two other anoxic basins known from the trop-
ics, Kau Bay in Indonesia, and The Cariaco Trench off Venezuela, as high concentra-
tions of H2S are found in the bottom water of both of these. Inflows of oxic water 
seem to maintain Golfo Dulce at a less reduced level and a high input of Mn and Fe 
oxides may further be important in the removal of H2S. The bay, as we found it, is 
thus a unique environment for studying the biogeochemical cycles under suboxic 
(anoxic and non-sulfidic) conditions. 
2. Temperature, salinity, oxygen, and nutrient profiles at a 
200 m deep station in Golfo Dulce, Costa Rica -
additional observations- (J. Vargas & R.Cordoba ) 
Introduction and objectives 
The study by Richards et.al. (1971) provided a detailed description of physical and 
chemical parameters at five stations within the gulf. They found small concentrations 
of hydrogen sulphide in the bottom waters at the innermost station and proposed that 
the gulf receives boluses of offshore waters across the sill. This water can be identified 
by low silicate and phosphate concentrations, and relatively high concentrations of ox-
ygen and nitrate. They also reported that the inner gulf was characterized by the rapid 
vertical decrease in dissolved oxygen, the disappearance of nitrate with increasing 
depth, and the appearance of a secondary nitrite maximum at 100m. 
Thus it was considered appropriate to conduct a detailed sampling for nutrients, dis-
solved oxygen, salinity and temperature at the site, and to compare the results with 
those obtained 25 years ago. 
Materia] and methods 
The present study was conducted at a station located at 8°41.684 N -83°23.783 W, 
with a maximum depth of 200 m. 
Samples for nutrients and dissolved oxygen were taken at 10 m depth intervals with a 
51 Niskin bottle operated from the ship's oceanographic winch. Water temperature 
(mercury in glass thermometer) and salinity (optical refractometer) were recorded. Nu-
trient samples were stored frozen in 1 1 plastic bottles. Samples for dissolved oxygen 
were taken using 350 ml BOD bottles, fixed, and analysed immediately on board, fol-
lowing the Winkler method (Strickland & Parsons, 1972). Nutrient analyses for dis-
solved N03" N02", Si043" and P043~. were conducted at the laboratories of the Universi-
ty of Costa Rica (CIMAR), and also following the methods outlined in Strickland and 
Parsons (1971). 
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Results 
Temperature and salinity 
Temperature ranged from 31.0°C at the surface to 17.1 °C at 200 m. A thermocline was 
evident between 20 to 50 m. salinity ranged from 30 ppt at the surface to near 35 ppt at 
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Fig. 1. Temeperature and salinity profiles at a 200m deep station in Bahia Rinc6n, Golfo Dulce. Costa Rica. 
8°41.684 N-83°23.783W. January 12, 1994 
Dissolved oxygen 
Dissolved oxygen concentrations ranged from 6.76mg/l at 10 m to non detectable at 
200 m. Values below 1.15 mg/1 were typical of the waters deeper than 40 m. A sharp 
decrease was observed in the interval from 10 to 40 m when it dropped from 6.65 mg/1 
to 1.15 mg/1. The minimum value measured in the water column was 0.16 mg/1 at 120 
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Fig.2. Dissolved oxygen profile at a 200 m deep station in Bahia Rincon, Golfo Dulce, Costa Rica (8°41.684 
N-83°23.783W.) 
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Dissolved inorganic nutrients 
Values for concentrations (^ .mol/1) of dissolved N03" N02", Si043" and P043"are in-
cluded in Table 1. 


























































































































Dissolved inorganic nitrate 
Dissolved inorganic nitrate concentrations ranged from non detectable at 200 m to a 
maximum of 33.16 |j.mol/l at the surface. A sharp increase was observed at 60 m.A 
slight increment up to 15.39|j.mol/l was observed at 150 m. In general it seems that the 
nitrate is being reduced below 150 m. 
Dissolved inorganic nitrite 
Dissolved inorganic nitrite concentrations varied from non detectable at 80 m to 1.34 
|imol/l at 40 m. Two increments of 0.56 and l-24|imol/l are observed at 60 and 150 m 
respectively. In general, dissolved inorganic nitrite presents a regular distribution in 
the sea water column without any trend. Below 150 m it shows a significant decrement 
similar to the nitrate pattern. 
Dissolved inorganic silicate 
Dissolved inorganic silicate concentrations ranged from non detectable at 20 m to 
41.83 (imol/1 at 200m. It showed a clear descending tendency from the 30 m to the 
deepest point sampled. A second high value of 36.53 u.mol/1 was found at 100 m. 
Dissolved inorganic phosphate 
Dissolved inorganic phosphate concentrations fluctuated from 0.15 (imol/l at 40 m to 
7.91 fxmol/1 at 90 m. This latter value is very high if compared to the maximum con-
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centrations (3.63 (O.mol/1 PO
 4
3
" at 200m) reported by Richards et. al., (1971). A sec-
ond maximum of 3.09 (imol/1 was observed at 50 m. Two slight increments of 2.61 
and 2.68 fj.mol/1 were found at 100 and 150 m, respectively. 
Comments 
In general, the results obtained agree with those 25 years ago: a thermocline was 
present at a depth of about 40 m, and the salinity range from surface to bottom was al-
so similar; oxygen decreased with depth to non detectable at the bottom; and dissolved 
inorganic silicate increased with depth. Dissolved inorganic NCy, however, showed a 
layer, between 40 and 150 m where concentrations were generally higher than at shal-
lower or deeper waters. It seems to be an organic material accumulation as depth in-
creases. 
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Leg.3: Geological investigations 
Chief Scientists: Dr. D. Hebbeln (GeoB), Dr. J. Cortes (CIMAR) 
1. Late quaternary paleoclimate of Costa Rica - Golfo Dulce 
and adjacent areas (D. Hebbeln) 
Introduction 
Golfo Dulce on the southern Pacific coast of Costa Rica (Fig. 1) is a fjord-like structure 
with a deep inner basin (>200 m) sheltered against the open Pacific by a shallow sill 
(60 m). Due to the morphology only a limited water exchange between Golfo Dulce 
and the ocean takes place, resulting in at least temporarily anoxic bottom waters in the 
inner basin. These conditions restrict the benthic community in Golfo Dulce leaving 
the sediments mostly in undisturbed layering. In combination with high sedimentation 
rates, which are to expect in Golfo Dulce, those sediments offer very good possibilities 
for high resolution paleoenvironmental reconstructions. 
The aim of this expedition was the sampling of sediments and corals in order to 
reconstruct the paleoclimate and paleoenvironmental conditions of the region with the 
bestmost temporal resolution. In addition to sediment cores from Golfo Dulce, 
sediments were sampled from along the shelf and the continental slope off the Costa 
Rican west coast. Corals were collected at Punta Islotes (innermost Golfo Dulce) and 
on Isla del Cano. 
Objectives 
Recent studies have shown that climatic changes took place much faster than thought 
before. Thus, much higher temporal resolutions of paleoclimatic reconstructions are 
needed to improve the understanding of the dynamics of climate change. The focus of 
the planned paleoenvironmental reconstructions will be on one hand the 1,000 year ti-
me scale and on the other hand the 10,000 to 20,000 year time scale. 
Informations about the climate history of the last 1,000 years can be obtained from 
sediments with very high sedimentation rates (ca. lOcm/lOOyears) as they are most 
likely found in Golfo Dulce. Continuous paleoclimatic records will also be stored in 
coral skeletons. Of special interest within the last 1,000 years are climatic variations 
like the "Little Ice Age" and, if the temporal resolution is high enough, the ENSO 
circulation (ENSO = El Nino/Southern Oscillation). In a several years distance this El 
Nino phenomenon resulted in drastically changed environmental conditions in the 
entire East-Pacific, which today can also be traced to the Atlantic and Indian Oceans. 
For a detailed reconstruction of the paleoclimate through the last 20,000 years still 
sediments with comparable high sedimentation rates (ca. lOcm/1000 years) are 
required. To obtain such cores small basins on the shelf and along the continental slope 
have been sampled. A tropical high resolution paleoclimatic record covering the whole 
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time span between the Last Glacial Maximum and the Holocene would provide 
detailed knowledge about the dynamic of this climatic turnover in the tropics. 
In order to assess the present-day conditions and their imprint on the sediments, surface 
sediment samples as well as plankton tows and CTD-casts were taken on most of the 
stations. In addition, also a detailed morphologic mapping of Golfo Dulce has been 
carried out. 
Material and method s 
Itinerary 
Leg 3 began on January 17, 1994, with a short trip from Caldera to Puntarenas for 
bunker and for embarking the last scientists. At 13:00 RV "Victor Hensen" left 
Puntarenas for a two week expedition with 2 german and 5 Costa Rican scientists 
heading for Golfo Dulce. The scientific program started at 6:00 on January 18 at the 
mouth of Golfo Dulce with echosounder profiling across the entire gulf. During the 
next days 12 stations inside Golfo Dulce have been sampled with CTD, plankton net, 
boxcorer and gravity corer. In addition one site in the very inner part of Golfo Dulce, 
Punta Motes, has been sampled for corals. The work in the gulf was finished at the 
evening of January 21 in the port of Golfito. On January 22, after a little crew change -
two Costa Rican scientists disembarked, one embarked - RV "Victor Hensen" left 
Golfo Dulce to work on the Costa Rican continental slope. That day was spend with 
coral observations near Punta Salsipuedes at the Osa peninsula. The following night 
was used for echosounder profiling along Cocos Ridge in order to find a suitable coring 
site. Unfortunately, also from the most promising site, according to the echosounder 
profiles, only some relict sediments could have been retrieved by the boxcorer the next 
morning, January 23. After dropping the coral group with the rubber boat close to the 
Osa peninsula, RV "Victor Hensen" started sampling on the continental slope until the 
coral group was taken onboard again in the afternoon. During the following days an 
extensive sampling program along the continental slope was carried out. There the 
most stations were sampled by CTD, plankton net and boxcorer. The gravity corer was 
only occasionally used. On January 26, after another Costa Rican scientist has 
disembarked in the port of Quepos, RV "Victor Hensen" made a transect across the 
continental shelf from Quepos to Isla del Cano. The last days of the expedition were 
spend with coral investigations and sampling by rubberboat and with echosounder 
profiling and boxcorer casts around Isla del Cano by RV "Victor Hensen". Isla del 
Cano was left in the evening of January 29 and Leg 3 ended on January 30 at 10:00 
with the arrival in Caldera. 
Sample collections onboard RV "Victor Hensen" 
CTD-casts 
The analyses of temperature and salinity in the water column has been carried out with 
a ME CTD. It was normally used for the uppermost 200 m of the water column. On 
the shallower sites it was only lowered to about 10 m above the sea floor. CTD-casts 
have been taken on stations 2401- to 2427 (Fig. 1). 
Plankton samples 
For the plankton tows a 20fim-handnet has been used. Samples have been taken from 
one or two casts, depending on the plankton concentration, from the uppermost 10 m of 
the water column. Afterwards the samples have been filtered and deep frozen. Plankton 
tows have been taken on stations 2401-2427 (Fig. 1). 
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Fig. 1: Sample locations of Leg 3 of the RV "Victor Hensen" expedition to Costa 
Rica 1993/94. 
Surface sediments 
The boxcorer used during this expedition had a sampling area of 50 cm * 50 cm. 
Generally it was subsampled by taking one or two archive-cores (0 12 cm) over its 
whole length, one surface sample for planktonic and benthic organisms (0 cm to 1 cm), 
and one surface sample for organic material (0 cm to 1 cm). On some stations along the 
continental slope 3 boxcorers have been taken to investigate in detail the composition 
of the benthic community in the uppermost 15 cm of the sediment column. Along the 
profiles around Isla del Cano the boxcorers were sampled for large volume sediment 
samples. Due to the very soft bottom inside Golfo Dulce the boxcorer sank to deep into 
the sediments at some stations. Thus, at those stations several box corer have been 
taken to obtain a useful surface sample. The boxcorer was used on all stations 2401 to 
2442 (Fig. 1). 
Gravity corer 
Long sediment cores with a length varying between 180 cm and 575 cm were taken 
using a 6 m gravity corer loaded with a 800 kg weight. In the very soft sediments inside 
Golfo Dulce the penetration of the gravity corer into the sediment has been controlled 
by the wire length, because otherwise penetration would have been much deeper than 
the core length. However, at some staions a second gravity corer had to be taken, due 
to too deep penetration. The gravity corer has been used on stations 2401 to 2412, 2414 
to 2415, and 2419 to 2420 (Fig. 1) 
Echosounder profiles 
For the morphologic mapping of Golfo Dulce a shipmounted 18kHz ELAC sediment 
echosounder has been used. Data have been obtained from 14 profiles through Golfo 
Dulce. Control about the ships position (by GPS) and control about its velocity (on 
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average 8 kn) made it possible to put the echosounder records in the geographic 
context. 
Preliminary results and discussion 
Surface sediment distribution 
In Golfo Dulce the surface sediments are mostly extremely soft and of olive to black 
colours with sometimes leaves and small wooden sticks occurring. At some stations on 
the very top fluffy green to yellow patches reflect the last plankton bloom. Although 
the surface sediments were partly black, there was no strong H2S-smell and, thus, no 
strong indications for actual anoxic bottom water conditions. One exception from this 
pattern was core 2405-3 from a small basin close to the coast, from where grey 
sediments with high amounts of gastropods and high amounts of mollusc fragments 
have been obtained. 
The surface sediments along the continental slope consist mostly of olive-grey sandy-
silty clay. Common features in some of the cores are burrows, black sand-sized grains, 
remains of planktonic foraminifera, and mollusc fragments. 
Core 2413-3 from the Cocos Ridge contained coarse sand with several stones, thus, 
mostly fresh eroded material from the basement. On top of the sediment some otoliths, 
some ophiorides, and some planktonic foraminifera were observed. 
On the shelf (stations 2425 to 2427) the sediments are coarser than along the 
continental slope. There the sediments consist of an olive-grey silty fine-sand with high 
amounts of mollusc and gastropod fragments. 
Organic carbon content 
After drying the sediment samples have been homogenized and carbon contents were 
determined using an elementary analyser (Hereaus CHN-O-Rapid). Organic carbon 
contents (TOC) were measured on HCl-treated samples. 
Highest TOC contents (>2.3%) in Golfo Dulce are surprisingly not found in the deep 
basin but along its western side (Fig. 2). In the deep basin the TOC contents are slightly 
lower between 1.8% and 2.3% and they continue to decrease further to the east to 
values between 1.3% and 1.8%. Even lower contents (0.8% - 1.3%) have been 
observed in the outer part of Golfo Dulce and along the shelf off Osa peninsula. On the 
shelf north of Isla del Cano TOC contents are below 0.8%, but increase further to the 
northwest with a local maximum (>2.3%) at station 2424 and values between 1.8% and 
2.3%offQuepos. 
Along the 500 m isobath at the continental slope off Isla del Cano very high TOC 
contents (>2.3%) indicate a strong oxygen minimum zone in this waterdepth. 
Relatively high contents (1.8% - 2.3%) have also been found in 1000 m waterdepth. 
Carbonate content 
For the analysis of the carbonate content also the elementary analyser (Hereaus CHN-
O-Rapid) has been used. In contrast to the TOC measurements, total carbon contents 
(TC) were measured on untreated samples. Carbonate contents were calculated as: 
CaC03 = (TC - TOC) * 8.333 
Inside Golfo Dulce the carbonate contents are highest (4% - 7%) in the deepest parts 
and in the very northeast in front of the Rio Esquinas (Fig. 3). In the remaining part of 
Golfo Dulce the carbonate contents are less than 4%. Outside Golfo Dulce the highest 
carbonate contents (>17%) have been found on the shelf around Isla del Cano. To the 
northwest and downslope the carbonate contents decrease to values between 4% and 
7%. At the shelf around Osa peninsula the carbonate contents vary between 7% and 
17%. Very low contents (<4%) have been found at the Cocos Ridge and at the 200 m 
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isobath directly off Golfo Dulce. 
Long sediment cores 
The long sediment cores from 
Golfo Dulce can be grouped in 
two different units: the basin 
cores and the slope cores. The 
basin cores consist mostly of 
turbidites, which have a typical 
sequence starting with a sand 
layer, followed by silty clay 
with high amounts of wood 
pieces (Fig. 4). The amount of 
wood decreases upward and the 
sequence ends with simple silty 
clay. Thus, the upper limit of the 
turbidites is hardly to detect. 
However, it is estimated that the 
turbidites account for 60% of the 
sediment column. Obviously for 
the non-turbiditic sediments is a 
high content of pteropods. 
The sediments from the slope 
contain no turbidites and consist 
generally of silty clay, again 
with considerable amounts of 
pteropods. In these sediments 
differences in sediment 
composition are reflected rather 
in varying colours than in 
varying grain sizes. The most 
common colours are olive grey 
and black, but also light grey, 
dark grey, and brownish colours 
occur. Individual layers marked 
by a special colour vary in 
thickness between less than a 
mm to several cm. Wood pieces are far less important than in the basin and occur only 
scattered and not in special layers as in the basin. 
The only core from outside Golfo Dulce that has been opened so far is core 2416. The 
whole core consists of an olive grey sandy, silty clay, which shows no internal structure 
and no colour variations. Scattered throughout the core some wood pieces, mollusc 
shells and gastropod shells have been found. 
Morphology and sediment structure in Golfo Dulce 
The general morphology of Golfo Dulce as deduced from the 14 echosounder profiles 
is shown in Fig. 5. The echographs of the outer part of Golfo Dulce, the sill area, show 
only the sea floor as a single reflector, indicating a hard bottom with no young 
sediments. The inner basin of Golfo Dulce is characterised by a very flat sediment 
surface and has a steep wall to the northeast and a more gentle one to the west. Up to 
ten meters of sediments with some strong reflectors are resolved in the echographs 
from the inner basin. Close to the slopes some slump structures can be observed. In the 
very inner part of Golfo Dulce the depth of the deep basin is 205 m and it becomes 
slightly shallower to its outer part, where it is 185 m deep southwest of Golfito. 
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Fig. 4: Core description for gravity core 2410-1 from the deep 
inner basin of Golfo Dulce. 
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Fig. 5: Bathymetric profiles for Golfo Dulce taken from 18 kHz echosounder profiles. 
steep slope on the northeastern side is partly free of sediment. Also in the very 
innermost part and off Puerto Jimenez hummocky sea floor structures are probably 
reflecting bedrock structures. On the more gentle parts of the slopes steep-walled 
channels, which cut more than 10 m into the sediment, occur and can sometimes be 
traced from one profile to the next. 
2. Mapping of sediments around Isla del Cano (J, Cortes) 
Introduction an d objectives 
While surveying the coral reefs around Isla del Cano the topography of the shallower 
areas (<30 m) as well as the bottom sediments have been studied before. In contrast, 
the deeper areas and zones further off the island have not been mapped or sampled 
before. With RV "Victor Hensen" it was possible to investigate and to map the bottom 
topography around the island (up to 6 miles off the coast). Sediment samples were 
taken to study the influence of the island on sediment composition in the adjacent 
areas. 
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Fig.6: Bathymetric map the area around Isla del Caflo 
Mapping 
A total of nine bottom profile 
transects (each 5 miles long) 
were done with the 
shipmounted echosounder 
around Isla del Cano (Fig. 1). 
The data were processed with 
the Surfer software to 
generate a map of the bottom 
topography (Fig. 6 and 7). 
The topographic map shows 
an elevated area to the 
southeast of the island, which 
was not known to exist, and a 
deep basin to the southwest. 
Putative shallow banks to the 
west and southwest were not 
Fig. 7: Block diagram of Isla del Cafio 
seen in the depth soundings. 
Probably they are closer to the shore than indicated by local residents. 
Bottom sediment samples 
The north, east and southwest transects of the bottom profiling were also sampled for 
bottom sediments every mile by using the box corer. The CaC03 content was deter-
75 Scientific programme 
mined by the weight loss 
method. All samples were 
washed with destilled water 
to remove salts and then 
approx. 10 g dry sediment 
were digested in 25 ml of 
HC1. The residual was 
filtered (Watman paper 
filter #2), washed, dried, 
and re-weighted. Grain size 
distributions were accom-
plished by standard sieve 
technique with the 
following sieve sizes: 9500, 
4000, 2000, 1000, 710, 500, 
355, 250, 180, 125, and 75 |Lim. All analyses were done 
in duplicate or triplicate. 
The consistency limits of 
Atterberg limits were 
determined for the 
classification of fine-
grained sediment samples. 
The first results of the grain 
size analysis show that on 
the profile north of Isla del 
Cano the coarsest 
sediments, mainly sand, are 
found on the most distant 
station 2428, approx. 6 nm 
off the coast. Along the 
profile towards the coast the 
sediments become finer and 
there is no strong difference 
between the four inner 
stations (Fig. 8a). The 
sediments from the profile 
to the southwest are the 
finest from all around the 
island. The outer stations 
(2435, 2426, and 2437) are 
located in a small basin 
(Fig. 6 and 7) consist 
mainly of clay and silt and 
contain less than 15% sand, 
while station 2434 has a 
slightly enriched fine sand 
content (Fig. 8b). 
Exceptional is the innermost 
station of this profile 
(2433), which is nearly a 
pure sand. East of the island 
the sediments are generally 
coarser (mainly sand) than 
on the other profiles and 
there is no obvious trend 
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Fig. 8: Grain size analysis of surface sediments from three profiles off 
Isla del Cano. a) north, b) southwest, c) east 
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3. Coral work (J. Cortes) 
Introduction and objectives 
El Nino-Southern Oscillation (ENSO) results in warm waters in the eastern Pacific 
Ocean. The 1982-83 El Nino was specially strong causing the death of corals in the 
whole eastern Pacific region. Coral skeleton is an excellent recorder of past 
environmental conditions, as e.g. temperature variations are recorded in varying stable 
oxygen isotope compositions. Analyses done on corals from Isla del Cafio show a 
warm temperature signature coincident with the 1983 warming event. But previous 
work with corals from Golfo Dulce has shown no El Nino signal, only what seems to 
be a freshwater isotopic deviation. The intention of this research project was to do a 
high resolution analysis of the corals from Golfo Dulce and Isla del Cafio in search for 
El Nino and/or freshwater signals. 










Punta Islotes, Golfo Dulce 
Punta Islotes, Golfo Dulce 
Punta Islotes, Golfo Dulce 
Punta Islotes, Golfo Dulce 
Isla del Cafio 
Isla del Cafio 









Table 2 - Coral species found on the outer part of Osa peninsula 


































77 Scientific programme 
The outer coast of Osa peninsula is one of the most inaccessible of Costa Rica. For that 
reason the corals and coral reefs of that region, whose existence was known, were not 
studied previously. The presence of RV "Victor Hensen" on that coast was an excellent 
opportunity to visit and survey the area. 
Field work 
Coral work onboard RV "Victor Hensen" was carried out in three areas: Golfo Dulce, 
outer part of Osa peninsula (Corcovado National Park), and Isla del Cano (Fig.XX). 
Coral colonies of the massive species Pontes lobata were collected for oxygen isotope 
analyses at Punta Islotes, Golfo Dulce, and at Isla del Cano (Table 1). These corals 
were cleaned with freshwater and sun dried. 
The rocky points and islets on the ocean side of Osa peninsula were visited on two 
days. Transects were done along the coast to explore the presence of coral reefs. The 
coral species found at the sites are presented in Table 2. The number of coral species at 
Punta Llorona is relatively high and compares to other areas in Costa Rica. The types 
of reefs formed are extremely interesting, e.g. patch reefs formed by continuous growth 
of Pocillopora are rare in other parts of the coast. The low number of species at Punta 
Salsipuedes is probably due to the little time that was available for exploring that 
section of the coast. It is concluded after these short visits that more work is needed on 
the other sections of Osa peninsula. 
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CTD, HN, BC III, GC II 
CTD, HN, BC, GC II 
CTD, HN, BC, GC 
CTD, HN, BC, GC 
CTD, HN, BC, GC 
CTD, HN, BC, GC 
CTD, HN, BC, GC 
CTD, HN, BC, GC 
CTD, HN, BC III, GC 
GCII 
CTD, HN, BC III, GC 
CTD, HN, BC, GC 
CTD, HN, BC II 
CTD, HN, BC III 
CTD, HN, BC III, GC 
CTD, HN, BC III, GC 
CTD, HN, BC III 
CTD, HN, BC III 
CTD, HN, BC nil, GC 
CTD, HN, BC III, GC 
CTD, HN, BC 
CTD, HN, BC 
CTD, HN, BC 
CTD, HN, BC 
CTD, HN, BC 
CTD, HN, BC 
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N03 N02 P04 Si04 
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DATE TIME GPS-POSITION 


















































































































































































































































2 (February 2 - 8, 1994). 




























































































NH4 N 0 3 
a 
N 0 2 
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DATE TIME GPS-POSITION 

















































































































































































































































DEPTH NH4 N 0 3 N 0 2 P 0 4 
























































































































































































































































































































































DATE TIME GPS-POSITION 













































































































































































































































































DEPTH NH4 N03 N02 P04 Si04 
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DEPTH NH4 N03 N02 
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i d a t e i t a t | gea r apecies 











































Urotrygon chilensis (?) 
Cyclopsetta panamensis 
Zalieutes elater 
| s u m 












14 12 1993 52F bk Physiculus nematopus 
Rhynchoconger nitens 
Serranus psittacinus 





























































































































































































































































































































P | g / m 2 | size range | cm| 
0,178568 8 19 
0,000000 .. 








0,127562 3,5. .14,8 
0,008168 4 ,3 . .9,5 
0.001155 12,7 14,7 
0,006310 2 2 , 0 . 2 4 , 9 
0,000537 8 . 1 1 , 3 
0,000266 2 , 7 - 1 2 . 9 
0,013566 28,7 . .41,2 






0,015504 6 , 0 . 1 4 , 9 
0,001032 63,20 
0,002468 21,6 .29 
0,001224 4.2.. .I8.3 
0,002983 7 . .15,7 
0,000388 9,4 9,9 13,5 
0,000076 9,20 
0,001287 51,3 61,6 
0,002417 18 ,9 . .36,1 
0,000235 8,8 13,5 
0.011234 4 , 8 . 18,4 
0,001204 8 , 1 . 1 7 , 1 
0.010256 4 , 7 . 2 8 , 9 
0,000936 5,8...11,8 
0,000120 8,20 
0,000062 6,5 6,8 
0,000147 12,2 13,7 
0,000080 12,40 







0.000960 4,2 4,8 
8.6.. 17.9 
0.002141 4,3 7,2 




0,002092 4,8 5,1 5,3 5,5 




0.000819 10 12 
0.002314 5.5... 10,9 
0.0O0548 8.2... 10,5 
0.002091 39.2 39.7 
0,006418 40,7 40,8 45,5 
0,004709 6,0...12 
0,012099 18,5. 30,5 
0,000358 8.7..12,1 
0,023382 15... 42,4 
0,016194 9,3. 36,5 
0,009703 27 31,5 
0,003473 14,5. .37 
0.050129 2. 7,5 
0,002539 37 49 
0,003395 38.5 39.5 
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new sp. of Congridae 
new sp Congridae 
Coelorhynchus scaphopsis 
Diplectnim euryplectnjm 
r Gymnothorax aequatorialis 
^ Gymnothorax sp. (new?) 
Lepophidiun negropinna 
> Peprilus snyderi 
* Trichiunis nitens 
Urotrygon chilensis 


































































































































































































































































































































0,009205 25,7 . .32 ,5 
0,001149 5.1. .9,8 
0.000020 5,90 
0,000102 63 66 
0.000120 II 12.3 
0.OO5196 8 16.5 
0,015581 25. 39,5 
0,006732 36,8 31,8 








0,000526 10,6 15,2 
0.00O076 6,3 7 7,6 
0.000020 6.20 
0.001067 34,00 
0,002380 5 . 6 . 1 1 , 7 
0,004271 7.8 .30.4 
0,000383 8,3... 12 
0,001067 33,50 
0.O00188 6 , 9 . 10,6 
0,001683 28 40,3 
0,002779 25,7...30,3 
0,002521 14 .24,7 
0,003693 38,5 47,5 




0,000776 16,5 21,9 
0,000098 13,20 
0.025494 3 2 . 49,5 
0.000245 8,9 9.1 10 
0,000033 5.4 5,9 
0.006994 7.5, ,16,7 
0,000022 13,5 31,5 
0,002887 ,., 
0,001288 4,6 11,9 
0,000051 19 29 
0 ,07460S| 
0,005155 10,2 12,2 
0,001130 4,7 5,4 
0.010310 14,6 18.2 18,5 18,6 










0,000381 18,7 25,3 
0,008128 13,1. 16,6 
0.047027 2 2 . 4 4 . 5 
0,001110 35,10 
0 , 1 1 I 5 1 5 | 
16.90 
0.001653 3.2 3.2 4,7 6.3 
0,002190 8,50 
0,000136 8.3 7 9 10 
0,014520 5,2 .8,4 
0,000225 4.5 .11.7 
0.003511 56,50 
0,022248 18 .43 
0,004175 12,3...17,5 
0,006451 9,9. .12.4 
0.003033 8,6. 22.5 
0,003971 7,5. .18,7 
0.000739 14,3 27 
0,002347 47,70 
0,000065 ... 
0,001968 6,6 10,6 




































































Appendix II : Demersal survey: fish collections 86 Golfo de Nicoya- Fish part Appendix 
species B IK / m2| B(t) M A|/mZ| A (I) P|g/m2] size ranee c m a [e l 































































































































































































































































































































































































0,027972 16,8 .24,6 














































13,9 14,1 15.3 
7.3 6.6 
































0,015095 12,2 7,2 16,7 
0,017176 10.5 21,9 
0,071605 49,80 
0,033503 13,8 ,15,3 
0,041500 32,70 
0,010149 5,4 .8 
0,001924 17,10 
0,004483 4,1 6, 8 
0,002387 7,2 
0,029391 8.1 .17,6 
0,002803 
0,063677 15,8 45,5 
0,000334 6,7 7,2 
0,002235 29,4 
0,004269 6.1 .19,7 
0,079697 9.6 .54 
0,001872 67..106 
0.009479 11.2. 19,9 
0,022100 14. .39,7 
0,006253 8,3 31,8 33,2 
0,000430 6,8 8 
0.009080 ..  
0,000254 7.4 8,1 10 
0,002665 32,3 
0.OOOO33 5,8 6,3 
0,006768 4,9.17,7 
0,006945 70,1 
0,001931 16.2 17.7 5.6 
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I "*r SpCCIt B|«/m2| B<')l») A| /m2| A  (I) P[g/m2 | size range  [cm ] J i L 
16 12.1993 35 F 
16 12199 3 3S F 
Symphums chabaunadi 



























































































































































































































































































































































































0.016164 5,5 7.8 
0.468359| 
0,003748 5,9 6,0 6,7 6.8 
0.006931 10,7 12,4 
0,041757 6,5 8,9 
0,003108 8,3 8,7 
0,029284 20 21,1 
0,003797 10,6 
0,034669 1 0 . 4 . 1 4 . 8 
0,035843 8,6. .17.1 
0.000289 4,4 
0,002673 3,3 5,6 5,9 
0,009301 16.7 
0,015329 21,7 
0,014113 4 ,8 . .7 .1 
0,100661 7...15.7 
0,023920 4,3. .17,5 
0,004281 8,1 8,2 9,1 9,8 
0.033098 8,5 10,8 
0.110694 7 . 1 5 , 9 
0,005077 
0,021383 30 30,5 33.5 22,5 




0,030028 8 . 1 3 
0,137194 8 .13 
0,015390 1 3 . 1 8 
0,050441 8 . 3 4 
0,001363 20,5 




0,024286 19,5 34,5 






0,008295 5. 8 
0,001775 11,6 
0.O0O960 3,7 6,6 
0,001320 8.9 




0,032385 9.1 13.6 
0,009193 1 1 , 5 . 21,5 
0,000568 11,00 
0,014080 8.6 . 2 3 . 9 





0.001496 14,9 18.2 
0,012181 43,0 
0,000000 
0,006438 1 6 . 8 . 2 1 , 8 
0,003589 19,0 
0,003746 4 6,8 
0.000599 6,3 8,7 
0,000636 21.20 
0,009657 6,5.. 20,5 
0,000970 18,70 
0,001875 9.4...12,2 
0.007577 17. .25,7 
0,014336 42,5 
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Pontinus sierra (anurillo) 







































































































































1 0 , 7 . 1 1 
10,3 15,7 
11.2 
11 .6 . 16,8 
4,3 10,8 
4,6 
5,9 11, 7 
9,9 ...12,7 
6.2 
4 , 1 . 15,8 
11,6. 14 
3 .8 . .7 ,8 
13 02 1994 53 
14 02 1994 53 
| s u m 
bk Antennarius avalones 
Bollmannia chlamydes 
Physiculus nematopus 
Pontinus sierra (amarilla) 




































































































































































































0 J 7 3 9 9 * | 
0,004118 9,4 
6 . .9 ,5 
0,003465 14.4 
0.005279 4,4 6,9 
0.009886 45 . 1 3 . 5 
0,005960 1 0 , 4 . . . » 




0,001071 224,9 .26 
0,000573 6,2. 8,8 
0,000102 7,8. 9,2 
0,000056 7,9 
0,001519 . 
0.0O017B 5 , 7 . 1 0 . 5 
0.010792 
0.00O049 .. 
0,002558 10,2.. 13,1 
0,001656 13,1. . 19.1 
33,6 
0,002843 4 1 . . 5 8 
0,001015 24,3 . .29 ,5 
0,000695 28,1 
0.001949 7 . 8 . 1 9 , 7 
0.000979 48 
0.001194 35 
0.001994 1 2 . 3 . 19,5 
0,000107 10.9.. 11,5 
0,000051 8,2 
0,003609 ... 
0,022269 50 .64 
0,000097 10,3.. 11,6 
0,000020 6,5 
0,003429 ... 


























































































































0,036514 18.7. 24.3 
0.002763 12.4 
0.042545 ... 
0,015945 7,1... 10,9 
0,015608 18.. 21,3 
0,001655 ... 
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0,002141 7. 7,4 
0,014901 25,9 .33 
0,000627 13.2. .14,5 
0.028030 






0,000892 12.4. 17,4 
0,001777 15,7...39 







































































































































































































































































































































































































0,017327 5 .11.1 
0,007728 17,5 







0.0O4896 24,9. 29 
0.OO6355 ... 
0.O02189 6,3.. 7,9 
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16 1 2 199 3 OI F b k Citharichthy s platophrys 
Cyclopsetta sp. (juv ) 
Cynoscion phoxocephalus 









































Arius sp. a 
















































































































) n  |/m2 | 
3 0,00003 7 
1 0,00001 2 
2 0,00014 8 
3 0,00003 7 
S 0,00007 4 
7 0,00082 7 
4 0,00004 9 
2 0,00002 5 
7 0,00008 6 
1 0,00001 2 
1 0,00004 9 
S 0,00007 4 
> 0,02212 9 
2 0,00002 5 
3 0.00024 7 
5 0,00006 2 




3 0,00003 7 
! 0,00014 8 
5 0,00007 4 
1 0,00014 8 
> 0,00018 5 




































S 0,00288 0 
) 0,00911 9 
0,000480 
0,000480 





5 0,00240 0 
0,000480 
> 0,00096 0 
1 0,00192 0 
1 0,00144 0 
I 0,00096 0 




1 0,00192 0 
0,000480 
0,000480 




! 0.00384 0 
0.0O0480 
5 0,00288 0 
0,024478 
> 0.00288 0 
0,335973 2 0 0.00959 9 


















S 0.06527 5 
2 0,00096 0 
7 0,01295 9 
i 0,00144 0 
> 0,00288 0 
1 0,01123 9 
S 0.00240 0 
5 0,01199 9 
! 0,00120 0 
3 0,02039 8 
S 0,00360 0 
! 0,00120 0 
3 0,00120 0 
! 0,01799 9 
5 0.00240 0 
3 0.00120 0 
3 0.00120 0 
3 0,00120 0 
P |e/m2 | siz e ranee |cm ] 
0,001550 24,1..24, 7 
0,006234 82, 2 
0,004336 16, 6 .21, 5 
0,000580 16,2.17, 7 
0,001734 21,6 . 31, 7 
0,003047 .. . 
0,000343 9. 8 10. 5 
0,015603 4 7 8 9 
0,004965 24..26, 5 
0,000040 8, 0 
0,002029 17,5 . .2 7 
0,001515 17.8 . .1 9 
0,047133 .. . 
0,000432 20,2..20. 8 
0,022881 29,3.39, 2 
0,003165 24.2..31, 1 
0,003570 .. . 
0,000419 23, 5 
0,000110 12, 1 
0,000888 29, 4 
0,000524 10,6 . 18, 2 
0,001155 8 , 1 . 19, 1 
0,002635 15,7. . 20,4 
0,000570 5.9.,.7, 8 
0,007003 .. . 
0,221190| 
0,000676 5, 2 
0,000882 7, 1 
0,013340 7.7 . 10, 6 
0,008408 3 ,0 .5 , 9 
0,000767 5, 2 
0,001987 8. 6 
0,008821 3 ,8 .8 , 8 
0,020827 65, 5 
0,007728 1 6 
0,027021 28. 1 
0,000444 4 
0,003068 2,2 . 7, 1 
0,007348 14, 1 
0.010O63 5,1...10, 5 
0,007101 7,7 . 8. 9 
0,007920 8,6..9, 6 
0,011356 15,7.18, 6 
0,002641 8. 4 
0,004118 12,2...12, 3 
0,144S16| 
0,000957 6,2...16. 3 
0,011236 9 . 11, 8 
0.005466 12. 5 
0.000548 4, 1 
0,029485 6,4.. . 14,6 
0.022626 5,5 . 13. 7 
0,000960 5,2 . 6, 6 
0.005032 5, 1 .11, 8 
0.005777 4.3 . 6 
0.000289 3. 4 
0,064570 8,3..2 5 
0,165643 .. . 
0,014126 7.7 . 10, 1 
0.128649 5,2..38, 8 
0,455363| 
0,010063 9,2,..22, 7 
0,045313 .. . 
0,002091 6 ,0 .6 , 7 
0,002880 6,0 , .7, 5 
0,O6O346| 
0,013816 11,2 . 13, 6 
0,326911 46..26, 4 
0,011458 13, 7 
0.483667 15. 4 34, 3 
0,250017 18,8, . 43, 5 
0,028051 22, 5 
0,008663 10, 7 
0,257780 13.1 . 20. 2 
0.020590 10, 4 14. 3 
0,067553 26, 2 
0,040012 16. 6 
0.573358 6 7 (width) 
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Urotrygon sp. ? 
Urotrygon sp. b 
bk Bellato r loxias 
Bellator xenisma 

























































































0,043314 2 2 
0,001990 5. 4 
0.049110 16.20. 9 
0,033494 14,3.. . 14,8 
0,014718 14. 1 
0,038323 5. 3 
0,008708 3, 3 5 
0,026052 7,1 . 11.2 
0,005475 11, 9 
0.000000 41, 2 
0,000000 25,4 . .27,7 































0,029382 ..  
0.004200 4,8.5,2 
0,099293 
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0,008162 4,2 10,4 
0,000508 5 
0.016691 23.5 24,2 
0.065410 7.1 .18,1 
0,011297 13.6 
0,018718 13,8 24 
0,064639 16,7 20,9 22,4 
0,022440 19,6 22 
0.023409 9.8 15.5 
0,008346 15 
0,061475 9 16 
0,022364 10. .22.5 
0.013407 .. 
0.093483 7.2 16. 8 
0.025158 11,4 16,1 
0,037950 8,5 12.9 
0.004764 6,5 6.5 7,2 7,7 
0,004320 4.8. 6,1 
0,005032 15,7 
0,013548 7,8...12.4 


























































0.004359 4.3 . 8, 1 
0,004800 6..11, 5 
0,045919 19. 4 22,4 
0.006777 10. 2 10.2 
0,002091 11. 4 12,1 13 
0,003184 6, 5 6,5 7,2 7,7 
0.004320 4,8. 6 


































































































0.014678 7.9. 11,2 
0,004665 4,8. 6 





















































































































0,029745 2,5... 12,6 
0,030269 4,1, 4.8 
0,009613 3,3. 9.9 
0,001898 2.8 3,5 
0,028143 3.4 
0,021579 3.8 
0,005756 7,8 9,1 10 10.1 
0,002142 3,3. 6.0 
0.006067 12 8.4 
0.143921| 
0,000289 15,9 







0,000131 6,6 7,8 8,7 
0,000012 4.3 
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| d.l e ; species 

































































































0.006148 46 46 46 
0,000028 7,8 
0,000609 12,2 .18,7 
0.008130 21,9..36,5 
0,000028 7,3 
0,003114 38 5 2 
0,000745 37.5 
0,000074 5,3 7 
0,003872 46...59,5 
0,000589 8. 13,5 




0,000110 5,4... 10 





































kinderwagen Bollmannia chlamydes 
Lepophilium prorates (?) 
Ophichthidae sp.II 
















0,001987 12, 4 
0,001874 23,3 0.8 
0.001987 17,8 
0,002641 9,6 3,5 
0,001554 3,4 
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] da t e s la t . pea r species B(t) | g | B |(!/.n2| A (1) A | / m 2 | P | g / m 2 | , i „
































































































































































































[ s u m 
























































































































































































































































1 0 . 15,5 
5,6... 12,5 
2,3 . 5,6 
5,2 11 






















































Appendix II: Demersal survey: fish collections 96 Golfo Dulce - Fish part I Appendix 
date slut . gea r specie s 
10.12.1993 A  b k Bollmam a chlamyde s 
Porichthys margaritatu s 
Symphurus attramentatus 
[sum 
















10 1 2 199 3 D  b k Achiru s mazaflanus 
Ballmania chlamydes 









10 12 199 3 E  b k Achiru s mazaflanus 
Ballmania chlamydes 
Citharichthys gilben i 
Citharichthys sp. 
Cyclopsetta panamensis 




















Ir idiums niter s 
Zalieutes elater 
Isum 
10.12 199 3 G  b k Camarone s rojos 
Camaron tigre 







Monolene maculipinn a 
Neobythites stelliferides 


































































































































































































































































P.|g/m2| siz e range |cm ] 
0,039666 
0.036076 6.5 . 12. 5 




0,320453 3 0 . 6 5 
0,007297 6, 2 6,4 
0,005071 8, 9 10, 1 6.7 
0,003310 9, 3 10, 9 
0^36637632| 
0,001440 
0,070074 .. . 
0,003910 12, 5 
0.065164 7,7...14, 8 
0,011054 3,7.. 9 
0,052056 6, 5 10, 3 
0,006530 6 ,2 . 7, 9 
0,063236 9,2.. . 11,3 
0,273464801| 
0,006216 1 2 
0,010266 3,6..5, 6 
0,008744 11, 0 11, 5 11,735, 5 
0,012828 21, 7 
0,009910 5. 2 
0.005265 13, 5 
0,010690 7,1..9, 4 
0,003243 9, 1 
0,082484 7,2 . 3 2 
0,024482 17, 5 24,2 
0,174127672| 
0,013066 12, 9 16, 6 
0,005829 2. 5 8, 4 
0,002230 10. 2 
0.001414 6. 8 6. 9 
0,005061 14, 5 25.2 
0,002962 11,212, 1 
0,014354 21, 6 
0,005017 11, 7 
0,002446 4, 2 4,7 5,2 
0,003596 4, 5 .9, 4 















0,059191 4 ,2 . .11,0 
0,029302 5.5.  7, 6 
0.005466 2 3 
0.559745 17 . 2 9 
0.007160 14, 5 19, 5 20,7 
0,007099 8, 2 9,2 
0,011220 15, 4 
0,006162 20, 3 
0,013922 11, 5 1 4 
0,022631 11. . 12,8 
0.030662 9. 8 10, 1 10. 6 
0,019698 24 8 250 25,3 
0.0O2398 11. 5 
0,004380 8, 9 9.2 
0,012661 9, 7 .14, 4 
0,302388 4,6..15, 7 
0.145112 8 









































































































0,005162 4,8.6, 2 
0,003108 5,5 8,4 




































































































































































































































































































































































0,001039 10,7 . .12,6 
0,003575 24,3 . .34. 4 
0,000934 30, 7 
0,016315 .. . 
0,000479 21. 3 
0,003985 12,3..1 6 
0,010325 5 3 12 0 
0,005739 27.1..3 6 
0,001377 . 
0,000858 10,5..17, 6 
0,001868 32, 3 32, 3 
0,000590 14, 2 
0.000137 11, 2 
0,000499 5,7...19, 5 
0,000577 9  11 
0,000107 11, 1 1 4 
0,04S455096| 
0,001071 23, 1 20, 3 
0,001716 14, 5 16, 7 
0,000071 5, 9 6,3 
0.0O0479 25. 2 
0,011301 22...30, 2 
0,000149 9, 1 
0,000577 21, 1 26, 4 
0,000192 15, 5 
0.000935 12,8...16, 2 
0,000474 10,8. . 16, 2 
0,000382 8,3 . 13. 4 
0.001567 7, 5 .12. 7 
0,000957 5  .17. 5 
0,001175 11,3.. . 17.8 
0.002137 3 2 4 7 
0,000056 8, 9 
0,023238765| 
0.010168 14.8.17, 4 
0.0O0390 5.2 . .11. 1 
0,000086 
0,001082 2 7 
0,023129 8. 5 .  18 
0,004231 12, 5 .17, 6 
0,000127 11, 2 
0,000722 15, 2 16. 9 
0,000460 7. 4 .12. 4 
0,001444 8,4, . 16. 3 
0.0O9220 10,2.. . 16,7 
0,005137 8 3 
0,034191 8, 8 1 7 
0,003568 17, 5 3 1 
0,005501 5, 6 14, 6 
0,040970 8,7 . 17, 5 
0,077315 4, 1 .  16, 6 
0,017100 9.2 . 19, 5 
0,001235 10,8..12, 3 
0,000171 11, 7 13. 5 
0,066815 10.5 . .25, 5 
0,3030641 
0,015766 180 0 
0,007290 15,2 , 3 1 
0.001195 17, 5 21, 5 
0,003976 19, 2 3 6 
0,063915 6,2..2 2 
0.000968 7, 1 .13. 5 
0,001906 
0.001396 100. 9 
0,000643 23. 7 
0.009619 3 7 39,5 
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0,001194 18, 8 
0,000028 6, 5 
0,008548 8,4..17, 3 
0,077834 10,8 . 17, 4 
0,000189 15, 7 
0.000066 8, 2 
0,001002 25,325, 3 25, 7 












































0,006185 .. . 
0,006834 5,7...18, 8 
0,000089 4. 2 
0.006864 8.. . 15,7 
0,002312 3,4 . 6, 5 






E 0,007245 0,0248531 

































































0,296127 102 9 0,012700 
0,000897 4,2..12 
0,002570 6,2 
0,000110 8,9 9,2 9,6 9,7 
0,074258 6,6... 18,3 
0,033471 8... 15,4 
O.O039O6 4,9. 13,0 
0,002346 4,5 .9,8 
0.001287 4,8...8,5 
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2 0,0009599 2 
2 0,00096 0 
3 0.00144 0 





















10 02.1994 E  b k Diplectru m eumelum 
Diplectrum macropoma 




































0.002581 4,8. 7,6 
0,157841 20.2. 24,5 
0,015079 8.2... 13,1 
0,021917 15,4.. 15.7 
0,053346 27,5.. 47 
0,011080 5,5 10. 8 
0,002445 11.4 
0,007922 7,8.9,6 
0,006769 9,5... 12 
0.032628 9,8. .18.5 














2 0,00096 0 
3 0.00144 0 
0.007756 11. 9 13, 4 
















E 50 0,0239980 8 5 0,0023998 1 0,012418333 1 
Bollmannia chlamydes 





























































































































































9,3 9, 8 









































0,018408 1,6. 8 
0,001592 5 6. 7 
0,016818 4,7 .18 





























550 0,00678 8 
375 0,00462 8 
1500 0,01851 3 
6400 0,07898 8 












































0,001937 12.1.. 26,7 




0.010319 . . 



























































Appendix II : Demersal survey: fish collections 100 Golfo Dulce - Fish part II Appendix 
species 
•WlEl B | t /mZ | A  (I ) A  | /m2 | T Ie/m2 | size rang e [cm | • "• '"I 
K2) Bollmannia chlamyde s 
Bregmaccnjs batimaste r 
Lophiodes caulinari s 
Peristedion barbige r 
Peristedion crustosu m 
Physiculus nemalopU- S 
Pontinus sierr a 
Raja velez i 









































0,002384 8,9 .15.2 
0,000206 7,8. 11,4 
0,000051 9,3 
0,000189 6,9..11,5 












Bellator xenism a 
Citharichthys platophry s 
Cyclopsetla panamensi s 
Dasyatis longu s 
Diplectrum labam m 
Epinephelus niphoble s 
Hippocampus ingen s 
Monolene maculipinn a 
Mustelus lunulatu s 
Narcine brasiliensi s 
Peprilus snyde n 
Porichthys green i 
Raja velez i 
Synodus evermanni 
Zapteryx exasperat a 
4.3 O.OOO05 3 1  0,00001 2 0,00003 6 6, 6 
7 0,00008 6 1  0,00001 2 0,00005 1 9, 2 
250 0,00308 5 1  0.00001 2 0.00069 5 28, 4 
3600 0,04443 1 1  0,00001 2 0,00486 9 5 3 (width ) 
175 0.00216 0 4  0.00004 9 0,00077 9 12,3 . .1 7 
1125 0,01388 5 7  0,00008 6 0,00352 3 19,2 . .2 4 
9,5 0,00011 7 1  0.00001 2 0,00006 4 1 6 
50 0.00061 7 1  0,00001 2 0,00021 5 1 4 
4250 0,05245 3 5  0,00006 2 0,00848 8 7 6 .10 6 
225 0,00277 7 1  0,00001 2 O.OO064 3 14, 5 (width ) 
500 0.00617 1 3  0,00003 7 0,00155 0 22.5. .25, 7 
2,5 0.00003 1 1  0.00001 2 0,00002 4 6, 9 
3975 0,04905 9 4  0,00004 9 O.O0761 1 16 ,2 .71 , 5 (width ) 
34 0,00042 0 2  0.00002 5 0,00019 5 13, 3 .15 , 2 
















14432 J 0,17812156 7 3 4 0.0004196 2 0,0293«7376 | 




























































































Golfo de Nicoya 






































































































Solenocera agassizi i 
Solenocera mutator 
Trachipenaeus face a 













Heterocrypta macrobrachi a 

















C | D 
X 







J IK | L M 
Sierpe Terraba 

































































































































































57 Symphurus atramentatus 
58 Symphurus callopterus 
59 Symphurus gorgonae 
60 Symphurus leei 
61 Symphurus melastomateca 
62 Symphurus oligomerus 
63 Synchiropus atrilabiatus 
64 Synodus evermanni 
65 Synodus scituliceps 
66 Synodus sechurae 
67 Umbrina bussingii 
68 Zapteryx exasperata 



























































species frequenc y 
Achirus lucinerae 1 
Achirus mazaflatus 2 
Achirus scutum 2 
Albula nemoptera 1 
Anchoa lucida 1 
Anchoa nasus 1 
Anchoa walked 1 
Ancylopsetta dendritica 1 
Anisostremus dovii 3 
Antennarius avalones 2 
Antennarius sp. 1 
Argentina alicea 1 
Arius dovii 1 
Arius kessleri 2 
Arius osculus 1 
Arius platypogon 2 
Arius sp. a 1 
Arius sp. b 1 
Arius troschelli 1 
Auxis sp. 1 
Batrachoides sp. 1 
Bellator gymnostethus 4 
Bellator loxias 3 
Bellator xenisma 5 
Bollmannia (new species) 1 
Bollmannia chlamydes 7 
Bollmannia stygmatura 3 
Calamus brachisomis 1 
Caranx caballus 1 
Caranx caninus 1 
Caranx otrynter 1 
Caranx speciosus 1 
Caranx vinctus 1 
Catherops tuyra 1 
Caulolatius affinis 1 
Cetengraulis mysticetus 1 
Chrophthalmus mento 1 
Citharichthys platophrys 7 
Coryphaenoides leucophaeus 1 
Cyclopsetta panamensis 1 
Cyclopsetta querna 3 
Cyclopsetta sp. 1 
Cyclopsetta sp. (juv.) 1 
Cynoscion albus 1 
Cynoscion phoxocephalus 5 
Cynoscion sp. 1 
Dasyatis longus 2 
Decodon melasma 1 
Diaperus aureolus 1 
Diapterus peruvianus I 
Diplectrum maximum 1 
Diplectrum pacificum 1 
Diplectrum rostrum 1 
Diplobates ommata 2 
Engyophris sanctilaurentii 2 











































































































Pontinus sierra (amarilla) 
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No. 



















































































Stellifer sp. [ <^  
Stellifer sp.:' 3 
Stellifer sp. L 
Syacium latifrons 
Syacium ovale 










Symphurus sp. ! 






































































171 Urotrygon sp. ? 
172 Urotrygon sp. b 
173 Zalieutes elater 
174 Zapteryx exasperata 



















































































































































































Arius sp. a 









Bollmannia (new species) 
Bollmannia chlamydes 

















Cyclopsetta sp. (I?) 
Cyclopsetta sp. (2?) 
Cyclopsetta sp. (3?) 



































































































































































Ophichthys sp. a 
Ophichthys sp. b 






















Pontinus sierra (amarilla) 










































































Stellifer sp (1?) 
Stellifer sp (2?) 





Syacium sp (1?) 










Symphurus sp (1?) 
Symphurus sp. (2?) 












Urotrygon sp (1?) 
Urotrygon sp (2?) 
Zalieutes elater 
Zapteryx exasperata 
Appendix V.: Systematic list of Copepodes 108 Appendix 
Systematic classification of the copepods found during the Victor Hensen Expedition in the 
pacific coast of Costa Rica. December 1993-February 1994. 
Orden Calanoidea Sars 1903 
Family Calanidae 
Canthocalanus pauper Giesbrecht  1888 
Undinula vulgaris Dana 1852 
Family Paracalanidae 
Acrocalanus gibber Giesbrecht 1888 
Paracalanus parvus Claus  1863 
P. crassirostrris Dahl 1894 
Family Calocalanidae 
Calocalanus sp. Giesbrecht 1888 
Family Clausocalanidae 
Clausocalanus sp. Giesbrecht 1888 
Family Eucalanidae 
Eucalanus monachus Griesbrecht 1888 
E. elongatus Dana 1849 
E. attenuatus Dana 1849 
Family Euchaetidae 
Euchaeta wolfendeni Scott A. 1909 
Euchaeta sp. Philippi 1843 
Family Metridinidae 
Pleuromamma gracilis Claus 1863 
Family Centropagidae 
Centropages furcatus Dana  1949 
Family Pseudodiaptomidae G.O. Sars 19 
Pseudodiaptomus wrigthi Johnson 1964 
P. panamensis Walter  1989 
Family Temoridae 
Temora discaudata Giesbrecht 1889 
Family Lucicutiidae 
Lucicutia ovalis Wolfenden 1891 
Family Candaciidae 
Candacia catula Giesbrecht 1889 
Family Augptilidae 
Haloptilus sp. Giesbrecht & Schmeil 189i 
Family Pontellidae 
Labidocera acuta Dana 1849 
L. lubbocki  Griesbrecht 1889 
Family Acartiidae 
Arcatia danae Giesbrecht 1889 
A. Lilljeborgii  Griesbrecht 1889 
A. negligens  Dana 1852 
Orden Cyclopoidea Burmeister 1834 
Family Oithonidae 
Oithona spp. Baird 1843 
Orden Harparticoida G.O. Sars 1903 
Family Tachidiidae Sars 1909 
Euterpina acutifrons Dana 1852 
Family Clytemnestridae S. Scott 1909 
Clytemnestra rostrata Brady 1883 
Family Miraciidae 
Macrosetella gracilis Dana 1852 
Orden Poecilostomatoida Thorell 1859 
Family Oncaedae 
Oncaea spp. Philipe 1843 
Oncaea conifer a Giesbrech 1891 
Family Corycaeidae 
Corycaeus spp. Dana 1849 
Corycaeus flacus Griesbrecht  1891 
C. speciosus Dana 1849 
Copilia sp. Dana 1849 
Familia Clauidiidae Emblenton 1901 
Hemicyclops thalasius Verv. & Ram. 1966 
Familia Clauidiidae Emblenton 1901 
Hemicyclops thalasius Verv. & Ram. 1966 
' 
Family Sapphirinidae 
Sapphirina sp. J.V. Thompson 1829 
Appendix VI. List of participants of the four cruise legs 109 Appendix 
L e g l 
Birkicht, Matthias, Dipl.Ing. 
Bussing, William A., M.Sc. 
Chaves, Joaquin C , M.Sc. 
Mug Moises, M.Sc. 
Cordoba, Rocio, M.Sc. 
Cruz, Rafael A., Lie. 
HoBfeld, Britta, Cand.nat. 
Koch, Volker, Cand.nat. 
Lopez, Myma L., Lie. 
Molina, Helena U., M.Sc. 
Morales, Alvaro R., Dr. 
Rojas, Raul, B.Sc. 
Vargas, Jose A., Dr. 
Wolff, Matthias, Dr. 
Leg 2 
Canfield, Donald E.. Dr. 
Ferdelmann, Timothy G.,Dr. 
N. Glud, Ronnie, Dr. 
Gundersen, Jens K., Dr. 
Kuever, Jan, Dr. 
Lillebsek, Rolf, Dr. 
Thamdrup, Bo, Dr. 
Wawer, Cathrin, Dr. 
Vargas, Jose A., Dr. 
Cordoba, Rocio, M.Sc. 
Leg 3 
Hebbeln, Dierk, Dr. 
Aguilar, Teresa, Lie. 
Beese, Detlef,, Dr. 
Bofill, Beatriz.B.Sc. 
Cortds, Jorge, Dr. 
Denyer, Percy, Dr. 
Fonseca, Ana, B.Sc. 
Vargas, Jose A. Dr. 
Leg 4 
Birkicht, Matthias, Dipl. Ing. 
Bussing, William A., M.Sc. 
Chaves, Joaquin C, M.Sc. 
Cordoba, Rocio, M.Sc. 
Cruz, Rafael A. ,Lic. 
HoBfeld, Britta, Cand.nat. 
Jesse, Sandra, Cand. nat. 
Ruiz, Eleazar 
Koch, Volker, Cand.nat 
Lopez, Myrna L., Lie. 
Molina, Helena U., Lie. 
Morales, Alvaro R., Dr. 
Rojas, Raul. B.Sc. 
Vargas, Jose A., Dr. 




















































UCR : Universidad de Costa Rica 
CIMAR: Centro de invest, limnolog. y marinas 
ZMT: Zentrum fiir marine Tropenokologie 
GeoB: Fachbereich Geowissenschaften.Uni Bremen 
MPI: Max-Planck Inst, fiir marine Mikrobiologie 
UNA: Universidad Nacional de Costa Rica 
